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ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES 
WITH AN UPSTREAM FOCUS ELECTRODE 

Inventors: 

5 Charles E. Taylor 

Jim L. Lee 

10 Claim of Priority: 

[0001] This application claims priority from provisional application entitled 

"ELECTRO-KINETIC AIR TRANSPORTER-CONDrnONER DEVICES WITH AN 
UPSTREAM FOCUSELECTRODE,"ApplicationNo. 60/341,518, filed Decemberl3, 
2001 underS U.S.C. 1 19(e), which application is incorporated herein by reference. This 

1 5 application claims priority from provisional application entitled "FOCUS ELECTRODE, 
ELECTRO-KINETIC AIRTRANSPORTER-CONDITIONERDEVICES," Application 
No. 60/306,479, filed July 18, 2001 under 35 U.S.C. 119(e), which application is 
incorporated herein by reference. This implication claims priority from and is a continuation- 
in-part of U.S. Patent Application No. 09/924,624 filed August 8, 2001 which is a 

20 continuation ofU.S. Patent No. 09/564,960 filed May 4, 2000, which is a continuation-in- 
part ofU.S. Patent Application No. 09/186,471 filed November 5, 1998, how U.S. Patent 
No. 6,176,977. All of the above are incorporated herein by reference. 

Cross-Reference to Related Applications: 
25 {00021 1. U.S. Patent Application No. 60/341,090, filed December 13, 2001, 

entitled "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES 
WITH TRAILING ELECTRODE"; SHPR-01041USE 
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100031 2. U.S. Patent Application No. 60/341 ,433, filed December 1 3, 2001 , 

entitled "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES 
WITH INTERSTITIAL ELECTRODE"; SHPR-01041USF 
[00041 3. U.S. Patent Application No. 60/341,592, filed December 13, 2001, 

5 entitled "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES 
WITH ENHANCED COLLECTOR ELECTRODE"; SHPR-01041USG 
100051 4- U.S. Patent Application No. 60/341,320, filed December 13, 2001, 

entitled "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES 
WITH ENHANCED EMITTER ELECTRODE"; SHPR-01041USH 
10 [00061 5. U.S. Patent Application No. 60/341,179, filed December 13, 2001, 

entitled "ELECTRO-KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE 
WITH ENHANCED ANTI-MICROORGANISM CAPABILITY"; SHPR-01G28US1 
[00071 6. U.S. Patent Application No. 60/340,702, filed December 13, 2001, 

entitled-ELECTRO-KlNETICAlRTRANSPORTERANDCONDITIONERDEVICE 
15 WITH ENHANCED HOUSING CONHGURATION AND ENHANCED ANTI- 
MICROORGANISM CAPABILITY"; SHPR-01028US2 

[00081 7. U.S.PatentApplicationNo.60/341,377,filedDecember 13,2001, 

entiUed"ELECTRaKINETICAIRTRANSPORTERANDCONDITIONERDEVICE 
WITH ENHANCED MAINTENANCE FEATURES AND ENHANCED ANTI- 
20 MICROORGANISM CAPABILITY"; SHPR-01028US3 

[00091 8. U.S. Patent Application No. 10/023,197, filed December 13, 2001, 

entitled "ELECTRaKlNETIC AIR TRANSPORTER-CONDmONERDEVICE WITH 
ENHANCED CLEANING FEATURES"; SHPR-01041USI 

[00101 9. U.S. Patent Application No. 10/023,460, filed December 13, 2001, 

25 entitled "ELECTRO-KINETIC AIR TRANSPORTER CONDITIONER WITH PIN- 
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RING ELECTRODE CONFIGURATION"; SHPR-01041USJ 
(001 1 ] 1 0. U.S. Patent Application No. 60/341 , 1 76, filed December 1 3, 2001 , 

entitled "ELECTRO-KINETICAIR TRANSPORTER-CONDITIONER WITHNON- 
EQUIDISTANT COLLECTOR ELECTRODES SHPR-01041US8 
(00121 1 1 . U.S. Patent Application No. 60/340,288, filed December 13, 2001, 

entitled "DUAL INPUT AND OUTLET ELECTROSTATIC AIR TRANSPORTER- 
CONDITIONER"; SHPR-01041US7 

(00131 1 2. U.S. Patent Application No. 60/340,462, filed December 1 3, 2001 , 

entitled "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES 

WITHAENHANCEDCOLLECTORELECTRODEFORCOLLECTIONOFMORE 
PARTICULATE MATTER"; SHPR-01041US9 

(00141 13. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled 

"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH 
TRAILING ELECTRODE"; SHPR-01041USM 
15 (00151 14. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled 

"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WTTH 
INTERSTITIAL ELECTRODE"; SHPR-01041USN 

(00161 15. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled 

"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WOH 
20 ENHANCED COLLECTOR ELECTRODE"; SHPR-01041USO 

(00171 16. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled 

"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH 
ENHANCED EMITTER ELECTRODE"; SHPR-01041USP 
(00181 17. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled 

"ELECTRaKINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH 
Attorney Docket No.: SHPR-01041USL SRM/SDS 
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ENHANCED ANTI-MICROORGANISM CAPABILITY"; SHPR-01 028US4 
[00191 1 8. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled 

"ELECTRO-KINETIC AIR TRANSPORTER ANDCONDITIONERDEVICE WITH 
ENHANCED HOUSING CONFIGURATION AND ENHANCED ANTI- 
5 MICROORGANISM CAPABILITY"; SHPR-01028US5 

[0020] 1 9. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled 

"ELECTRO-KINETIC AIRTRANSPORTERANDCONDmONERDEVICE WITH 
ENHANCED MAINTENANCE FEATURES AND ENHANCED ANTI- 
MICROORGANISM CAPABILITY"; SHPR-01028US6 
10 (00211 20. U.S. Patent Application No. 10/xxx,xxx. filed herewith, entitled 

"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER WITH NON- 
EQUIDISTANT COLLECTOR ELECTRODES "; SHPR-01041USQ 
[00221 21. US. Patent AppUcationNo. 10/xxx,xxx, filedhetewith, entitled ♦T)UAL 

INPUT ANDOUTLETELECTROSTATICAIRTRANSPORTER-CONDmONER"; 
15 SHPR-01 04 lUSR and 

[00231 22. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled 

"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONERDEVICESWITHA 
ENHANCED COLLECTOR ELECTRODE FOR COLLECTION OF MORE 
PARTICULATE MATTER". SHPR-01041USS 
20 [00241 All of the above are incorporated herein by reference. 

Field of the InvRnfinn- 

(00251 The present invention relates generally to devices that produce an electro- 

kinetic flow of air fi^om which particulate matter is substantially removed. 



25 
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Backeround of the InventintT 

[0026] The use of an electric motor to rotate a fan blade to create an airflow has 

longbeenknownintheart.Unfortunately,such fans produce substantial noise, and can 
present a hazard to children who may be tempted to poke a finger or a pencil into the 
moving fan blade. Although such fans can produce substantial airflow (e.g. , 1 ,000 /minute 

ormore),substantiaIelectrical power is required tooperatethemotor.andessentiallyno 
conditioning of the flowing air occurs. 

100271 ItisknowntoprovidesuchfanswithaHEPA-compliantfilterelementto 
removeparticulatematterlargerthanperhapsO.3 ^m. Unfortunately, the resistance to 
airflow presented by the filter element may require doubling the electric motor size to 

maintainadesiredlevelofaiTflow.Further,HEPA-compliantfilterelementsareexpensive, 
andcanrq)resentasubstantialportionofthesalepriceofaHEPA-compliantfilter-fanunit. 
WWlesuchfilter-fanumtscanconditiontheairbyiemovinglargeparticles,paiticu^ 
small enough to pass through the filter element is not removed, including bacteria, for 
15 example. 

[0028] It is also known in the art to produce an airflow using electro-kinetic 

techniques, by which electricalpower isconvertedinto aflowofairwithoutmechanically 
moving components. One such system is described in U.S. Patent No. 4,789,801 to Lee 
(1988), depicted herein in simplified form as Figs. lA and IB and which patent is 
incorporatedhereinbyreference. System 10includesananayoffirst("emitter")electrodes 
or conductive surfaces 20 that are spaced-apart symmetrically fi-om an array of second 
rcollector^electix)desorconductivesurfaces30.Thepositivetemiinalofagene^^ 
as, for example, pulse generator 40 that outputs a train of high voltage pulses (e.g., 0 to 

perhaps+5KV) is coupled to the first anay,andthenegativepulsegeneratortenninal is 
coupled to the second airayinthisexamplcltistobeunderstood that the arrays depicted 

Attorney Docket No.: SHPR-0 1 04 1 USL SRM/SDS 
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include multiple electrodes, but that an array can include or be replaced by a single 
electrode. 

10029] The high voltage pulses ionize the air between the arrays, and create an 

aiiflow50fromthefirstanaytowardthesecondarray,withoutrequiiinganymovingpaits. 
5 Particulatematter60intheairisentrainedwithintheairflow50andalsomovestowardsthe 
second electrodes 30. Much of the particulate matter is electrostatically attracted to the 

surfacesofthe second electrodes, whereitremains, thus condilioningtheflowofairexitm^ 

systemlO.Further.the high voltage fieldpresent between theelectrode arrays canrelease 
ozone into the ambient environment, which can eliminate odors that are entrained in the 
10 airflow. 

10030] IntheparticularembodimentofFig. 1 A, first electrodes 20 are circular in 

cross-section, havingadiameterofabout0.003"(0.08 mm), whereas the secondelectrodes 
BOare substantiallylarger in area anddefmea"teardrop"shapein cross-section. Theratio 
ofcross-sectionalradiiofcurvaturebetweenthebulbousfiontnoseofthesecondelectixHle 
andthefirstelectrodes exceeds 10:1. As shown inFig. 1 A, the bulbous fix>nt surfaces of 

the secondelectrodes facelhefirstelectrodes, and the somewhat"shaip"trailing edges face 
the exit direction of the airflow. The "sharp" trailing edges on the second electrodes 
promote good electrostatic attachment of particulate matter entrained in the airflow. 
[0031] In another particular embodiment shown herein as Fig. IB, second 

dectrodesSOaresymmetrical and elongated incross-section.Theelongatedtrailingedges 

on the secondelectrodesprovideincreasedareauponwhichparticulatematter entrained in 
the airflow can attach. 

[0032] While the electrostatic techniques disclosed by the '801 patent are 

advantageousoverconventionalelectricfan-filter units, further increased airtransport- 
25 conditioning efficiency would be advantageous. 
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Summarv of the Invention- 

[0033] The present invention provides such an apparatus. 

[0034] One aspect of the present invention is to provide an electro-kinetic air 

transporter-conditioner that produces an enhanced airflow velocity, enhanced particle 
5 collection, and an appropriate amount of ozone production. 

[0035] Anembodimentincludesoneormorefocusorleadingelectrodes. Each 

focus or leading electrode may be located upstream to, or even with, each first electrode. 

The focus orleadingelectiodesassistsincontrollingtheflowofionizedparticles within the 

airflow. Thefocusorleadingelectrodeshapestheelectrostaticfieldgeneratedbyeachfct 
1 0 electrode within the electrode assembly. 

[0036] AnotherembodimentincludesoneormoretraiUngelectnxies. Eachtrailing 

electrode can be located downstream of a second electrode. The trailing electrode can 
assist in neutralizing the amount of ions exiting this embodiment of the invention, and can 
further assistincollectingionizedpaiticles. The trailing electrode can altein^ 
the flow of negative ions fi-om the transporter-conditioner. Additionally, the trailing 

eIectn)descanimprovethe laminar flowpropertiesofthe airflow exitingtheair transporter- 
conditioner. 

[0037] Another embodiment of the invention includes at least one interstitial 

electrodelocatedbetween twosecond electrodes. The interstitial electrodecan also assist 
20 in the collection of particulate matter by flie second electrodes. 

[0038] hi yet another embodiment of the invention, one or more of the second 

electrodes areformed to haveanenhancedprotectiveendortrailingsurface which assists 
in the operation and cleaning of the embodiment. 

[0039] Jnstillafiinherembodimentoflheinvention,oneorraorefiistelectrodeare 
25 of enhanced length in order to increase the emissivity of the first electrode. 
Attoniey Docket No.: SHPR-01041USLSRM/SDS 
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[0040] Other objects, aspects, features and advantages of the invention will q>pear 

from the following description in which the prefen-ed embodiments have been set forth in 
detail, in conjunction with the accompanying drawings and also from the following claim. 

5 Brief Description of the Drawing s: 

[0041] FIGS. lA-lB;Fig. lAisaplan,cross-sectionalview,ofafirstembodiment 

of an electro-kinetic air transporter-conditions system according to theprior art; Fig. IB 
is a plan, cross-sectional view, of a second embodimoit of an electro-Idn^c air transporter- 
conditioner s)«tem according to the prior art; 

10 [0042] FlGS.2A-2B;Fig.2Aisaperspectiveviewofatypicalembodimentofthe 
housing of an electro-kinetic air transporter-conditioner, Fig. 2B is aperepective viewofthe 
embodiment shown in Fig. 2A illustrating the removable second electrodes; 
[0043] FIG. 3 is an electrical block diagram of the present invention; 

I0044J FIGS. 4A-4F; Fig. 4A is apaspective view showing an embodiment of an 

15 electrode assembly according to the present invention; Fig. 4B is a plan view of the 
embodiment illustrated in Fig. 4A; Fig. 4C is a perspective view showing another 
embodiment of an electrode assonbly according to the present invention; Fig. 4D is apian 
view illustratingamodifiedversionofthe embodiment ofFig.4C; Fig. 4E is aperspective 
view showing yet another embodiment of an electrode assembly according to the present 
20 invention; Fig. 4F is a plan view of the embodiment of Fig. 4E; 

[00451 FIGS. 5 A-5B; Fig. 5 A is aperspective view of still another embodiment of 

the present invention illustrating the leading or focus electrode added to the embodiment 
shown in Fig. 4A; Fig. 5B is a plan view of a modified embodiment of the present invention 
similar to that shown in Fig. 5A illustrating a protective end on each second electrode; 

25 [0046J FIGS.6A-6D;Fig.6Aisaperspectiveviewofafurtherembodimentofthe 
Attorney Docket No.: SHPR-Oi 041 USL SRM/SDS 
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present invention, illustrating a leading or focus electrode added to the embodiment shown 
in Fig. 4C; Fig. 6B is a perspective view of a modified embodiment of the present invention 
as shown in Fig. 6A; Fig. 6C is a perspective view of amodified anbodiment of the present 
invention as shown in Fig. 6B; Fig. 6D is a modified embodiment of the present invention, 
5 illusti^ting a leading or focus electrode added to the embodiment in Fig. 4D; 

[0047] FIGS. 7A-7C; Fig. 7A is a perspective view of anotiier embodiment of the 

present invention, illusti^ting a leadmg or focus electiwie added to tiie embodiment shown 
inFig. 4E; Fig. 7B isapaspective view of an embodiment modified fiom that shown inFig. 
7A; Fig. 7C is a perspective view of an embodiment modified fi-om that shown in Fig. 7B; 
10 [00481 FIGS.8A-8C;Fig.8Aisaperspectiveviewofstillafurtherembodiment 
of thepresent invention, illustiating another embodiment of tiie leading or focus electrode; 
Fig. 8B is a perspective view of an embodiment modified fi^om that shown in Fig. 5 A; Fig. 
8C is a perspective view of yet another embodiment; 

[00491 FIGS. 9A-9C; Fig. 9A is perspective view of a fiirther embodiment of the 

1 5 present invoition; Fig. 93 is a partial view of an embodiment modified fiom that shown in 

Fig. lOA; Fig. 9C is another embodiment modified from that shown in Fig. 9A; 

[00501 FIGS. 10A-10D;Fig. IDA is a perspective view ofanotherembodimoit of 

the present invention, illustirating a hiailing electrode added to the embodiment in Fig. 7 A; 

Fig. IDE is a plan view ofthe embodiment shown in Fig. 10A;Fig. IOC is apian view of 
20 a fiirther embodiment of tiie present invention; Fig. lOD is a plan view of anoUier 

embodiment of the present invention similar to Fig. IOC. 

[00511 FIGS. llA-llF;Fig. UAisaplanviewofstillanotherembodimentofthe 

present invention; Fig. 1 IB is a plan view of an embodiment modified from tiiat shown in 
Fig. IIA; Fig. llCisaplan view ofafiirther embodiment ofthe present invention;Fig. 
25 HDisaplanviewofanembodimentmodifiedfromthatshowninFig. 1 lC;Fig, UEisa 
Attorney Docket No.: SHPR-01041USL SRM/SDS 
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plan viewof a further embodiment of the present invention; Fig. IIF is apian view of an 
embodiment modified from that shown in Fig. 1 IF; and 

[0052] I^GS.12A-12C;Fig.l2Aisaperspectiveviewofstillanotherembodiment 
of the present invention; Fig. 12B is a perspective view of a further embodiment of the 

present invention;Fig.l2Cisaperspectiveviewofyet another embodimentofthepresent 
invention. 
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Detailed Description of the Preferred Embodiments 
Overall Air Transporter-Co nditioner System Confif rnratmn- 
10 (00531 Fj8S-2Aand2Bdepictanelectro-kineticairtransporter-conditionersystem 
100whosehousingl02includespreferablyrear-locatedintakeventsorlouversl04and 
preferably front located exhaust vents 106, and abasepedestal 108. If desired a single vent 
canprovide and be used as both an air intake and an air exhaust with an air inlet channel and 
an air exhaust channel communicating with the vent and the electrodes. Preferably the 
housing is freestanding and/or upstandingly vertical and/or elongated. Internal to the 
transporter housingisaniongeneratingunitl60.preferablypoweredbyanAC:DC power 
supplythatisenergizableorexcitableusingswitchSl.Sl.whichalongwiththeotherbelow 
described user operated switches are conveniently located at the top 103 of the unit 100. 

Iongeneratingunitl60 is self-contained in that other ambientair.nothingisrequired from 
beyond the transporter housing, save external operating potential, for operation of the 
present invention. 

[00541 '"ieuppersurfaceofhousingl02includesauser-liftablehandlemember 
112 to which is afirixedasecondarray240ofcollectorelectrodes 242 within an electrode 
assembly220.Electrodeassembly220alsocomprisesafirstairayofemitterelectrodes 
25 230, or a single first electrode shown here as a single wire or wire-shaped electrode 232. 
Attorney Docket No.: SHPR-0 1 04 1 USL SRM/SDS 
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(The ternis "wire" and "wire-shaped" shall be used interchangeably herein to mean an 
electrode eithermade from a wire or, if thicker or stiffer than a wire, having the appearance 
ofawire.) In the embodiment shown, lifting member 112 lifts second array electrodes 240 
upward, causing the second electrode to telescope out of the top of the housing and, if 

5 desired,outofunitl00forcleaning,whilethefirstelectrodeanay230remainswithinunit 
1 00. As is evident from the figure, the second an^y of electrode can be lifted verticaUy out 
6om the top 1 03 of unit 100 along the longitudinal axis or direction of the elongated housing 
102. This arrangement with the second electrodes removable from the top 103 of the unit 
1 00, makes it easy for the user to pull the second electrodes out for cleaning. In Fig. 2B, 
1 0 the bottom ends of second electrodes 242 are connected to a member 113, to which is 

attachedamechanism 500, which includesaflexiblememberandaslotfor capturing and 
cleaning the first electrode 232, whenever handle member 112 is moved upward or 
downward by a user. 

10055J Thefirstandsecondarraysofeleclrodesarecoupledtotheoutputtemiinals 
15 of ion generating unit 160, as best seen in Fig. 3. 

[00561 'n^egeneraIshapeoftheembodimentoftheinventionshowninFigs.2Aand 
2B is thatofafigure eightin cross-section, althoughother shapes are within thespiritand 
scopeofthe invention. The top-to-bottomheightoftheprefeiredembodimentisinone 
preferred embodiment, 1 m,withaleft-to-rightwidthofpreferably 1 5 cm, and a front-to- 
back depth of perhaps 1 0 cm, although other dimensions and shapes can of course be used. 
Alouveredconstmctionprovidesampleinlet and outletventingin an economical housing 
configuration. Thereneedbenorealdistinctionbetweenventsl04andl06,excepttheir 
locationrelativeto the second elecfrodes.nieseventsserveto ensure that anadequate flow 
ofambient air can be draw into ormadeavailable to the unitlOO.and that an adequate 
flow of ionized air that includes appropriate amounts of O3 flows out from unit 100. 
Attorney Docket No.: SHPR-01041USL SRM/SDS 
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[00571 As will be described, when unit 1 00 is energized with SI , high voltage or 

high potential output by ion generator 1 60 produces ions at the first electrode, which ions 
are attracted to the second electrodes. The movement of the ions in an "IN" to "OUT" 
direction carries with fee ions airmolecules, thus electro-ldnetically producing an outflow of 
5 ionized air. The "IN" notation in Figs. 2A and 2B denote the intake of ambient air with 

particulate matter 60. The "OUT' notation in thefigures denotes the outflowofcleaned air 
substantially devoid of the particulate matter, which particulates matter adheres 
electrostatically to the surface of the second electrodes. In theprocess of generating the 
ionized airflow appropriate amounts of ozone (Oj) are beneficially produced. It maybe 
10 desiredtoprovidetheinnersurfaceofhousingl02withanelectrostaticshieldtoreduces 
detectable electromagnetic radiation. For example, a metal shield could be disposed within 
the housing, or portions of the interior of the housing can be coated with a metallic paint to 
reduce such radiation. 

(00581 ThehousingprefCTablyhasasubstantiallyoval-shqjedor-ellipticallyshaped 
15 cross-sectionwithdimpledsidegrooves. Thus, as indicated above, the cross-section looks 
somewhat like a figure eight. It is within the scope of the present invention for the housing 
to have a different shaped cross-section such as, but not limited to, a rectangular shape, an 
egg shape, a tear-drop shape, or circular shape. The housing preferably has a tall, thin 

configuration. As will become apparent later, the housing is preferably functionally sh^ed 
20 to contain the electrode assembly. 

[00591 As mentioned above, the housinghas an inlet and an outlet. Both the inlet 

and theoutlet are covered by fins or louvers. Each fin is a thin ridge spaced-apart fi-om the 
next fin, so that each fin creates minimal resistance as air flows throu^ the housing. The fins 

are horizontal and are directed across theelongated vertical upstanding housingoflheuniL 
25 Thus, the fins are substantially perpendicular in this preferred embodiment to the electrodes. 
Attorney Docket No.: SHPR-0 1 04 1 USL SRM/SDS 
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The inlet and ouUet fins are aligned to give the unit a "see through" appearance. Thus, a user 
can "see through" the unit firom the inlet to the outlet. The user will see no movirigparts 

Avithin thehousin&butjustaquiet unit thatcleans the airpassingtherelhrDugh.Memative^^ 
the fins can be parallel with the electrodes in another preferred embodiment. Other 
5 orientations of fins and electrodes are possible in other embodiments. 

[0060J As best seen in Fig. 3, ion generating unit 160 includes a high voltage 

generatorunitl70andcircuitryl80 for converting raw altematingvoltage(e.g., 1 17 VAQ 
intodirectcuirentCT)C")voltage. Circuitiy 180 preferably includes circuitry controlling the 
shape and/or duty cycle of the generator unit output voltage (which control is altered with 
10 userswitchS2). Circuitiy 180 preferably also includes a pulse mode component, coupled 
to switch S3, to temporarily provide aburst of increased output ozone. Circuitry 1 80 can 
also include atimer circuit and a visual indicator such as a hght emitting diode ("LED"). The 
LED or other indicator (including, if desired, an audible indicator) signals when ion 

generation quitsoccurring.Thetimercanautomaticallyhalt generation ofionsand/orozone 
1 5 after some predetermined time, e.g., 30 minutes. 

I0061J The high voltage generator unit 170 preferably comprises a low voltage 

oscillatorcircuitl90ofperhaps20KHzfi-equency,that outputs lowvoltagepulses to an 
electronic switch 200, e.g., a thyristor or the like. Switch 200 switchably couples the low 
voltage pulses to the input winding of a step-up transformer Tl . The secondary winding of 
20 Tl is coupled to a high voltage multiplier circuit 210 that outputs high voltage pulses. 

Preferablythecircuitry and components comprising high voltage pulse generatorl70 and 
circuit 180 are fabricated on aprinted circuit board that is mounted within housing 1 02. If 
desired, external audio input (e.g., fi^om a stereo tuner) could be suitably coupled to 
oscillator 190 to acoustically modulate the kinetic airflow produced by unit 160. The result 
25 would be an electrostatic loudspeaker, whose output airflow is audible to the human ear in 
Attorney Docket No.: SHPR-01041USL SRM/SDS 
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accordance wilh the audio input signal. Further, the output air stream would still include ions 
and ozone. 

[0062] OutputpulsesfiomhighvoltagegeneratorlTOpreferablyareatleast lOKV 

peak-to-peak with an effective DCoffsetof, for example,half the peak-to-peak voltage, 
5 andhaveafrequencyof,forexample,20KHz. Frequency ofoscillation can include other 
values, but frequency of at least about 20KHz is preferred as being inaudible to humans. 
If pets will be in the same room as the unit 1 00, it maybe desired to utilize and even higher 
operatingfrequency,topreventpetdiscomfortand/orhowlingbythepet. Thepulsetrain 
output preferably has a duty cycle of for example 1 0%, which will promote battery lifetime 
1 0 if live current is not used. Of course, different peak-peak amplitudes, DC offsets, pulse train 
waveshapes, duty cycle, and/or repetition frequencies can be used instead. Indeed, a 1 00% 

i 

pulse train (e.g., an essentially DC high voltage) maybe used, albeit with shorter battery 
lifetime. Thus, generator unit 170 for this embodiment can be refeired to as a high voltage 
pulse generator. Unit 170 fimctions as a DC:DC high voltage generator, and could be 

15 implementedusingothercircuitryand/ortechniquestooutputhighvoltagepulsesthatare 
input to electrode assembly 220. 

(00631 As noted, outflow (OUT) preferably includes appropriate amounts of ozone 

that can remove odors and preferably destroy or at least substantially alter bacteria, gemis, 
and other living (or quasi-living) matter subjected to the outflow. Thus, when switch SI is 

20 closed and thegenerator 170 has sufficient operating potential, pulses from high voltage 
pulsegeneratorunitl70createanoutflow(OUT)ofiomzedairandozone. WhenSl is 
closed, LED will visually signal when ionization is occurring. 
[0064] Preferably operating parametCTS of unit 1 00 are set during manufacture and 

are generally not user-adjustable. For example, with respect to operating parameters, 

25 increasing the peak-to-peak output voltage and/or duty cycle in the high voltage pulses 
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generatedbyunitnOcanincreasetheairflowrateJoncontent,andozonecontent. These 
parameters can be set by the user by adjusting switch S2 as disclosed below. In the 
preferred embodiment, output flowrate is about 200 feet/minute, ion content is about 
2,000,000/cc and ozone content is about 40 ppb (over ambient) to perhaps 2,000 ppb 
5 (over ambient). Decreasing the ratio of the radius of the nose of the second electrodes to 
the radius of the first electrode or decreasing the ratio of the cross-sectioned area of the 
second electrode to the first electrode below about 20: 1 will decrease flow rate, as will 

decreasingthepeak-to-peakvoltageand/ordutycycleofthehighvoltagepulses coupled 
between the first and second electrode arrays. 

10 [0065] Inpractice,unitlOOisplacedinaroomandconnectedtoanappropriate 
sourceofoperatingpotential,typicallyll7VAC. WithSl energizing ionization unit 160, 
systems 1 00 emits ionized air and preferably some ozone via outlet vents 1 06. The airflow, 
coupled with the ions and ozone fi^eshens the air in the room, and the ozone can beneficiaUy 
destroy or at least diminish the undesired effects of certain odors, bacteria, germs, and the 
like. The airflow is indeed electro-kinetically produced, in that there are no intentionally 
movingparts within unit 100. (Some mechanical vibrationmayoccurwithin the electrodes.). 
100661 Having described various aspects of this embodiment of the invention in 

general, preferred embodiments of electrode assembly 220 are now described. In the 
various embodiments, electrode assembly 220 comprises a first array 230 of at least one 
electrode or conductive surface 232, and further comprises a second array 240 of 
preferably at least one electrode or conductive surface 242. Understandably material(s) for 
electrodes 232 and 242 should conduct electiicity, be resistant to corrosive effects ftom the 
application of high voltage, yet be strong enough to be cleaned. 
100671 In the various electrode assembUes to be described herein, elechx)de(s) 232 

25 in the first electi-ode array 230 are preferably fabricated from tungsten. Tungsten is 
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sufficiently robust in order to withstand cleaning, has a high melting point to retard 
breakdown due to ionization, and has a rough exterior surface that seems to promote 
efficientionization.Ctatheotherhand,electrx>de(s)242preferabIyhaveahi^ypo^^^ 
exterior surface to minimize unwanted point-to-pointiadiation. As such, eleclrod^^^ 

preferablyare fabricated from stainless steel and/orbrass,amongothermaterials. The 
polished surface of electrode(s) 232 also promotes ease of electrode cleaning. 
10068J In contrast to the prior art electrodes disclosed by the '801 patent, 

electrodes 232 and 242, are light weight, easy to fabricate, and lend themselves to mass 
production. Further, electrodes 232 and 242 described herein promote more efficient 

generationofionizedair,andappropriateamountsofozone,(indicatedinseveralofthe 
figures as Oj). 



Electrode Assembly with First and Second FWtr^H^o. 
Figs. 4A-4F 

15 (0069J F'gs.4A-4Fillustratevariousconfigurationsoftheelectrodeassembly220. 

TheoutputfromhighvoltagepulsegeneratorunitnOiscoupledtoanelectrodeassembly 

220 that comprisesafirstelectrode array 230andasecondelectrodearray240. Again, 

uisteadofan^ys,singleelectrodesorsingleconductivesurfacescanbesubstituta^ 
or both array 230 and array 240. 

20 [00701 ThepositiveoutputterminalofunitnOiscoupledtofirstelectrodeanay 
230, and the negative output temiinal is coupled to second electrode array 240. It is 

behevedthatwiththisanangementthenetpolarityofthe emitted ions ispositive,ag.,mor^ 
positiveionsthannegativeionsareemitted. This coupling polarity has been found to work 

well, includingminimizingunwantedaudibleelectrodevibrationor hum. However, while 
generalionofpositive ions is condudvetoaielativelysilentairflow,fiomahealth standpoint, 
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itisdesiredthattheoutputaMowbericherinnegativeions,notpositiveions.Itisnoted 

that in someembodiments,oneport(preferabIythenegativeport)oftheWgh voltage 

generatorcan infact be theambient air. Thus, electrodes in thesecondarrayneednotbe 

connected to the highvoltagepulsegeneratorusingawire. Nonetheless, there willbe an 

"efFectiveconnection-betweenthesecondarrayelectrodesandoneoutputportofthehigh 

voltagepulsegenerator.in this instance, viaambient air. Altemativelythenegativeou^ut 

terminalofunitnOcanbe connected to the firstelectrodeairay230 and the positiveoutput 
terminal can be connected to the second electrode array 240. 

[00711 With this arrangement an electrostatic flow of air is created, going fiom the 

firstelectrodearraytowards the second electrodearray.(Thisflowis denoted "OUT" in 
thefigures.)Accordinglyelectrode assembly 220ismounted within transporter systemlOO 

suchthatsecondelectrodearray240isclosertotheOUTventsandf,rstelectrodeaiTay 
230 is closer to the IN vents. 

[0072] Whenvoltageorpulsesfromhighvoltagepulsegeneratorl70arecoupled 
15 across first and second electrode arrays 230 and 240, a plasma-Hke field is created 
surrounding electrodes 232 in first array 230. This electric field ionizes the ambient air 
between the first and secondelectrodeanays and establishes an "OUT" airflowthatmoves 

towards the second array. Itisunderstood that theIN flow enters via vent(s)104,and that 
the OUT flow exits via vent(s) 106. 

20 [0073J Ozoneandionsaregeneratedsimultaneouslybythefirstarrayelectrodes 
232, essentially asafimctionofthepotentialfi-omgeneratornOcoupled to the firet array 
ofelectrodesorconductivesurfaces.Ozonegenerationcanbeincreasedordecreasedby 
increasing or decreasing the potential at the first array Couphng an opposite polarity 
potential to the second array electrodes 242 essentially accelerates the motion of ions 

25 generated at the first airay, producing the airflow denoted as "OUT" in the figures. As the 
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ions and ionized particulates move toward the second airay, the ions and ionized particles 
push or move air molecules toward the second array. The relative velocity of this motion 
may be increased, by way of example, by decreasing the potential at the second array 
relative to the potential at the first array. 

5 [00741 Forexample,if+10KVwereappliedtothefiistairayelectrode(s),andno 
potential were applied to thesecondaiTayelectrode(s),acloudofions(whosenet charge 
ispositive)would form adjacent the first electrodearray Further, the relatively high lOKV 

potential would generatesubstantial ozone. By couplingarelativelynegativepotential to the 
second array electrode(s), the velocity of the air mass moved by the net emitted ions 
10 increases. 

I0075J Ontheotherhand, if it were desired to maintain the same effective outflow 

(OUT) velocity, but to generate less ozone, the exemplary 1 0 K V potential could be divided 
between the electrode airays. For example, generator 1 70 could provide +4 KV (or some 

other fiaction)to the first arrayelectrodes and -6 KV(orsomeotherfraction)to the second 
array electrodes. In this example, it is understood that the +4 KV and the -6 KV are 
measured relative to ground. Understandably it is desired that the unit 100 operates to 
output appropriate amounts of ozone. Accordingly, the high voltage is preferably 
fi-actionalized with about +4 KV applied to the first array electrodes and about -6 KV 
applied to the second array electrodes. 

20 (00761 IntheembodimentsofFigs.4Aand4B,electrodeassembly220compiises 
a first array 230 of wire-shaped electrodes 232, and a second array 240 of generally 'XT- 
shaped electrodes 242. hiprefenred embodiments, thenumberNl of electrodes comprising 
the first array can preferably differ by one relative to the number N2 of electrodes 
comprisingthe second array 240. lnmanyoftheembodimentsshown,N2>Nl. However, 

25 ifdesired,additionalfirstelectrodes232couldbeaddedattheouterendsofarray230such 
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that N1>N2, e.g., five first electrodes 232 compared to four second electrodes 242. 
[0077] Aspreviously indicated firstor emitter electrodes 232 arepreferably lengths 

of tungsten wire, whereas electrodes 242 are foimed from sheet metal, preferably stainless 
steel, although brass or other sheet metal could be used. The sheet metal is readily 
configured to define side regions 244 and bulbous nose region 246, forming the hollow, 
elongated "U"-shaped electrodes 242. While Fig. 4A depicts four electrodes 242 in second 
array 240 and three electrodes 232 in first airay 230, as noted previously, other numbers 
of electrodes in each array could be used, preferably retaining a symmetrically staggered 

configuration as shown. Itis seen inFig.4Athatwhileparticulate matter 60 ispresent in the 
incoming (IN) air, the outflow (OUT) air is substantially devoid of particulate matter, which 
adheres to the preferably large surface area provided by the side regions 244 of flie second 
array electrodes 242. 

[0078] Fig-4Billustratesthatthespaced-apartconfigurationbetweenthefirstand 
second arrays 230, 240 is staggered. Preferably, each first array electrode 232 is 
substantially equidistant from two second array electrodes 242. This symmetrical staggering 
has been found to bean efficient electrodeplacement. Preferably, in this embodiment, the 

staggering geometryis symmetrical in that adjacent electrodes 232 or adjacentelectrodes 
242 are spaced-apart a constant distance, Yl and Y2 respectively. However, a non- 
symmetrical configuration could also be used. Also, it is understood that the number of 
20 electrodes 232 and 242 may differ from what is shown. 

[00791 Intheembodimentof Figs. 4A,typicaUy dimensions are as follows: diameter 
of electrodes 232, Rl, is about 0.08 mm, distances Yl and Y2 are each about 16 mm, 
distanceXl is about 16 mm, distance Lis about 20 mm, and electrode heights Zl andZ2 
are each about Im. The width Wofelectrodes 242 is preferably about 4 mm, and the 

25 thicknessofthematerialfiomwhichelectrodes242areformedisabout0.5mm. Ofcourse 
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other dimensions and shapes could beused. For example,prefen«idimensionsfo^ 
XI may vary between 1 2-3 0mm, and the distance Y2 may vary between 15-30mm. Itis 

preferred thatelectrodes232haveasmaU diameter. Awirehavingasmall diameter, such 
as Rl , generates a high voltage field and has a high emissivity. Both characteristics are 

beneficial forgeneratingions.Atthesametime,itisdesiredthatelectrodes232(aswell as 
electrodes 242) be sufficiently robust to withstand occasional cleaning. 

I0080J Electrodes 232 in firstarray230arecoupled by a conductor234toafirst 

(preferablypositive) output port of high voltage pulse generator 170. Electrodes 242 in 

second array240 are coupledbyaconductor249toasecond(preferablynegative)output 
portofhigh voltage generator 170. Theelectrodesmaybeelectrically connected to the 
conductors 234 or 249 at various locations. By way of example only, Fig. 4B depicts 
conductor 249 making connection with some electrodes 242 internal to bulbous end 246, 
while other electrodes 242 make electrical connection to conductor249 elsewhere on the 
electrode 242. Electrical connection to the various electrodes 242 could also bemadeon 
theelectrodeextemal surface, providednosubstantialimpaimientoftheoutflowairstream 
results; howeverithasbeenfound to bepreferablethattheconnection is madeintemally. 
[00811 In*jsandtheotherembodimentstobedescribedherein,ionizationappears 
to occur at the electrodes 232 in the first electrode array 230, with ozone production 

occuningasafunctionofhighvoltagearcing.Forexample,increasingthepeak-to-peak 

voltageamphtudeand/ordutycycleofthepulsesfi^omlhehighvoltagepulsegeneratorno 

canincreaseozonecontentintheoutputflowofionizedair.Ifdesired,user-controlS2can 

be used to somewhat vary ozonecontentbyvaiyingamplitude and/or duty cycle. Specific 

circuitryforachieving such controlis known in theart and neednotbe described indetail 
herein. 

25 10082] Note the inclusion in Figs. 4A and 4B of at least one output controlling 
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electrodes 243,preferablyelectricaIlycoupled to thesamepotential as thesecondairay 
electrodes 242. Electrode 243 preferably defines a pointed shape in side profile. e.g., a 

triangle. The sharp pointonelectrodes 243 causes generationofsubstantialnegativeions 
(since theelectrodeis coupled to relativelynegativehighpotential).Thesenegativeions 
5 neutralize excess positive ions otherwise present in theoutput airflow, suchthat theOUT 
flowhasanetnegativecharge. Electrodes243ispreferablystainlesssteel,copper,orother 
conductormaterial,andispeihaps20mmhighandabout 12 mm wide at the base. TTie 

inclusionofoneelectrode243 has beenfound sufficient to provideasufficientnumberof 
output negative ions, but more such electrodes may be included. 

10 (0083J IntheembodimentsofFigs.4A,4Band4C,each"U"-shapedelectrode 
242 has two trailing surface or sides 244 that promote efficient kinetic transport of the 
outflow ofionizedairand ozone. For the embodiment of Fig. 4C, there is the inclusion on 
at least one portion of a trailing edge of a pointed electrode region 243'. Electrode region 
243' helps promote output of negative ions, in the same fashion that was previously 

15 described with respect to electrodes 243, as shown in Figs. 4A and 4B. 

[0084J In Fig. 4C and the figures to follow, theparticulate matter is omitted for ease 

of illustration. However, fiom what was shown inFigs. 4A-4B, particulate matter will be 
present in the incoming air, and will be substantially absent from the outgoing air. As has 

been described, particulatematter 60 typicallywillbeelectrostaticallyprecipitateduponthe 
20 surface area of electrodes 242. 

[0085] AsdiscussedaboveandasdepictedbyFig.4C,itisrelativelyunimportant 
whereon anelectrodeairayelectricalconnectionismade. Thus, first array electrodes 232 
are shown electrically connected together at their bottom regions by conductor 234, 

whereas second arrayelectrodes 242 are shownelectrically connected together in their 
25 middleregionsbytheconductor249. Both arrays maybe comiected together in more than 
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one region, e.g., at the top and at the bottom. It is preferred that the wire or strips or other 
inter-connecting mechanisms be at the top, bottom, or periphery of the second airay 

electrodes 242, so as tominimizeobstmcting stream airmovemaitthroughthehousing210^ 
I0086J It is noted that the embodiments of Figs. 4C and 4D depict somewhat 

truncatedversionsofthe second electrodes 242. Whereas dimensionLintheembodiment 
ofFigs.4Aand4B was about20mm,inFigs.4Cand4D,Lhas been shortened to about 
8 mm. Otherdimensions inFig. 4C preferably are similar to those stated for Figs. 4A and 
4B. It will be appreciated that the configuration of second electrode array 240 in Fig. 4C 

canbemorerobust than the configurationofFigs.4Aand4B,byvirtueoftheshorterlrailing 
edge geometry. As noted earlier, asymmetrical staggered geometry for the first and second 
electrode arrays is preferred for the configuration of Fig. 4C. 
I0087I In the embodiment of Fig. 4D, the outermost second electrodes, denoted 

242-1 and242-4,havesubstantiallynooutermosttrailingedges.DimensionLinFig. 4Dis 
preferably about 3 mm, and otherdimensions may be as stated for the configuration of 
Figs.4Aand4B. Again, the ratio ofthe radius or surface areas between the first electrode 
232 and the second electrodes 242 for the embodiment of Fig. 4D preferably exceeds 
about 20:1. 

100881 Figs. 4E and 4F depict another embodiment of electrode assembly 220, in 

which the firstelectrodearray230comprisesasinglewireelectrode232, and the second 
electrodearray 240comprises asinglepairof curved "L"-shaped electrodes 242, incross- 

section.Typicaldimensions,wheredifrerent than what has been stated for earlier-described 
embodiments,areXl = 12mm,Y2 = Smm.andLl =3mm. The effective surface area 

orradiusratioisagaingreaterthanabout20:l.Thefewerelectrodescomprisingassembly 
220inFigs. 4Eand4Fpromoteeconomy of construction, and ease of cleaning, although 
25 more than one electrode 232, and more than two electrodes 242 could of course be 
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employed-Thispaiticularembodimentincoiporatesthestaggeredsyninie^ 
earlier,inwhichelectrode232isequidistantfromtwoelectrodes242. Other geometric 
arrangements, whichmaynotbeequidistant,arewithinlhespmt and sc^ 

Electrode Assemhlv With an Tlp>:tream Focns F.l^rtrnH^. 
Figs. 5A-5R 

[0089] TheembodimentsillustratedmFigs.5A-5Baresomewhatsimilartothe 
previouslydescribedembodimentsinFigs.4A-4B.nieelectrodeassembly220indudes 

afiTstarrayofelectrodes 230 andasecondarrayofelectrodes 240. Again, for this and the 
other embodiments, the term "array of electrodes" may refer to a single electrode or a 
plurality of electrodes. Preferably, the number of electrodes 232 in the first array of 

electiodes230willdifferbyonerelativetothenmnberofelectrodes242intheseconda^^ 
ofelectrodes240. TTie distances L.X1,Y1,Y2.Z1 and Z2 for this embodiment are similar 
to those previously described in Fig. 4A. 

[00901 AsshowninFig.5A,theelectrodeassembly220preferablyaddsathird. 
or leading, or focus, or directional electrode 224a, 224b, 224c (generally referred to as 

"electrode224'>pstreamofeachfirstelectrode232-l,232.2,232.3.Thefocuselectiode 

224producesanenhancedairflowvelocityexitingthedevicesl00or200. In genera], the 

third focuselectrode224directstheairflow,andionsgeneratedbythefirsteIectrode232, 
towards the second electrodes 242. Each third focus electrode 224 is a distance X2 

upstream fromatleastoneofthefirstelectrodes 232. ThedistanceX2ispreferably 5-6 
mm, or four to five diameters of the focus electrode 224. However, the third focus 
electrode 224 can be fiirther from or closer to the first electrode 232. 
(0091 J The third focus electrode 224 illustrated in Fig. 5A is a rod-shaped 

electrode. The thirdfocuselectrode224canalsocompriseothershapesthatpreferably^ 
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not contain any shaip edges. The third fociiselectix)de 224 is prefer^^^^ 
material thatwillnot erode or oxidize, such as stainless steel. TTie diameter ofthe third focus 

electrode224,inapreferredemb<xliment,isatleastfifteentimesgreaterthanthediameter 
ofthefirstelectrode232. The diameter ofthe third focus electrode 224 can be larger or 

smaller. ThediameterofthethirdfocuseIectrode224ispreferably large enough so that 
third focus electrode 224 does not function as an ion emitting surface when electrically 

comiected with thefirstelectrode232.Themaximumdiameterofthe third focuselectrode 
224 is somewhat constrained. As the diameter increases, the third focus electrode 224 will 
begin tonoticeablyimpairtheairflowrateofthe units 100or200. Therefore, the diameter 

ofthe third electrode224isbalanced between the need to formanon-ioneraittingsurface 
and airflow properties of the unit 100 or 200. 

[0092] In a preferred embodiment, each third focus electrodes 224a, 224b, 224c 

areelectricallyconnected with the first airay230 and thehighvoltagegeneratorl70bythe 
conductor 234. As shown in Fig. 5A, the third focus electrodes 224 are electrically 

connected to the samepositiveoutletofthe high voltage generatornOas the first aiTay230. 
Accordingly,therirstelectrode232andthethirdfocuselectrode224generateapositive 
electrical field. Since theelectricalfieldsgeneratedbythethiidfocuselectrode224^^ 
first electrode 232arebothpositive,thepositivefieldgeneratedbythethirdfocuselecfr^^ 
224 can push, or repel, or direct, the positive field generated by the first electrode 232 

towards the second anay240.Forexample. the positivefieldgeneratedbythe third focus 
electrode 224a will push, orrepel, or direct, thepositive field generatedbythe first electrode 
232-1 towards the second aiTay240. In general,thethirdfocuselectrode 224 shapes the 
electricalfieldgeneratedbyeachelectrode232inthefirstanay230. This shaping effect is 
believe to decrease the amount of ozone generated by the electrode assembly 220 and 
25 increases the airflow of the units 1 00 and 200. 
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[00931 The particles within the airflow are positively charged by the ions generated 

by the first electrode 232. As previously mentioned, the positively charged particles are 
collected by the negatively charged second electrodes 242. The third focus electrode 224 

also directs theairflowtowardsthesecond electrodes 242byguidingthecharged particles 
towards the trailing sides 244 of each second electrode 242. It is beUeved that the airflow 

will travel around the thirdfocuselectrode224,partiallyfocusingtheairflowtowards the 
trailing sides 244, improving the collection rate of the electrode assembly 220. 
[0094J The third focus electrode 224 maybe located at various positions upstream 

of each first electrode 232. By way of example only, a third focus electrode 224b is located 

directlyupstreamofthe first electrode 232-2SO that the centerofthethirdfocuselectrode 
224b is in-line and symmetrically aligned with the first electrode 232-2, as shown by 
extension line B. Extension line B is located midway between the second electrode 242-2 
and the second electrode 242-3. 

10095J Alternatively, a third focus electrode 224 can also be located at an angle 

15 relativetothefirstelectrode232.Forexample,athirdfocuselectrode224acanbelocated 
upstreamofthe first electrode 232-1 alongalineextendingfrom the middleofthenose246 
of the second electrode 242-2 through the centerof the first electrode 232-1, as shownby 

extension line A. The thirdfocuselectrode224ais in-line and symmetricallyahgned^^ 

firstelectrode 232-1 along extension line A. Similarly, the third electrode224c is located 

upstream to the first electrode 232-3alongalineextendingfiomthemiddleofthenose246 
of the second electrode 242-3 through the first electrode 232-3, as shownby extension line 

C- Thethirdfocuselectn>de224cisin-lineandsymmetricallyaUgnedwiththefirstelectrod^ 

232-3alongextensionlineC. It is within thescopeofthepresentinventionfortheelectiode 

assembly 220to include thirdfocuselectrodes 224 that arebothdirectlyupstream and at an 

25 an8letothefirstelectrodes232,asdepictedinFig.5A.Thusthefocuselectrodesfanout 
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relating to the first electrodes. 

100961 Fig. 5BiUustratesthatanelectrodeassembly220maycontainmultiplethird 

focus electrodes 224 upstream of each first electrode 232. By way of example only, the 
third focuselectiode224a2 is in-line arid symmetrically aligned vwththefl^ 
5 224al , as shown by extension line A. In a preferred embodiment, only the third focus 
electrodes 224al,224bl, 224cl areelectrically connected to thehigh voltage generator 170 
by conductor 234. Accordingly, not aU of the third electrodes 224 are at the same operating 
potential. In the embodiment shown in Fig. 5B, the third focus electrodes 224al , 224bl, 
224cl are at the same electrical potential as the first electrodes 232, while the third focus 
10 electrodes 224a2, 224b2, 224c2 are floating. Alternatively, the third focus electrodes 
224a2, 224b2 and 224c2 maybe electrically connected to the high voltage generator 170 
by the conductor 234. 

10097J Fi&5Billustratesthateachsecondelectrode242mayalsohaveaprotective 
end 241. In the previous embodiments, each "U"-shaped second electrode 242 has an open 
end. Typically, the end of each trailing side or side wall 244 contains sharp edges. The gap 
between the trailing sides or side walls 244, and the sharp edges at the end of the trailing 
sides or side walls 244, generate unwanted eddy currents. The eddy currents create a 
"backdraft," or airflow traveling from the outlet towards the inlet, which slow down the 
airflow rate of the units 100 or 200. 

20 [0098J In apreferred embodiment, theprotective end 241 is created by shaping, 

orrolling,thetrailingsidesorsidewalls244inwardandpi«ssingthem together, forminga 
rounded trailing end with no gap between the trailing sides or side walls of each second 

electrode 242. Accordinglythesidewallshaveouter surfaces, and theoutersurfaceofend 

ofthe sidewalk are bentbackadjacentto the trailing endsofthe side walls so that theouter 

25 surface6fthesidewallsareadjacentto,orface,ortoucheachother. Accordinglyasmooth 
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trailing edge is integrally formed on the second electrode. If desired, it is within the scope 
of the invention to spot weld the rounded ends together along the length of the second 

electrode242.Itisalso within the scopeofthepresent invention tofoimtheprotectiveend 
241 by othermethods such as, but not limited to, placing a strap of plastic across each end 
5 of the trailing sides 244 for the full length of the second electrode 242. The rounded or 
capped end is an improvement over the previous electrodes 242 without a protective end 
241. Eliminating thegapbetweenthetrailingsides 244 also reduces oreliminates the eddy 
currents typically generated by the second electrode 242 . The rounded protective end also 

providesasmooth surface forpurposeofcleaning the secondelectrodcAccoixiinglyin this 
10 embodiment the collector electrode is a one-piece, integrally formed, electrode with a 
protection end. 



Fies. 6A-6D 

[00991 Fig. 6A illustrates an electrode assembly 220 including a first array of 

1 5 electrodes 230 having three wire-shaped first electrodes 232-1, 232-2, 232-3 (generally 
referred to as "electrode 232") and a second array of electrodes 240 having four 
•U»-shaped second electrodes 242-1, 242-2, 242-3, 242-4 (generally referred to as 
"electrode 242"). Each first electrode 232 is electrically connected to the high voltage 
generator 170 at the bottom region, whereas each second electrode 242 is electrically 

connected to the high-voltage generator 170 in the middle to illustrate that the first and 
second electrodes 232, 242 can be electrically comiected in a variety of locations. 
10100] The second electrode 242 in Fig. 6A is a similar version of the second 

electrode 242showninFig.4C. The distanceLhas been shortened to aboutSmm. while 
the other dimensions XI, Yl, Y2, Zl, Z2 are similar to those shown in Fig. 4A. 
25 [0101 1 A third leading or focus electrode 224 is located upstream of each first 
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electrode232. The iimetmost third focus electrode 224b is located directlyupstream of the 

first electrode232-2, as shownbyextensionlineB.ExtensionlineBis located midway 
between the second electrodes 242-2, 242-3. The third focus electrodes 224a, 224c are 

at an anglewithrespectto the firstelectrodes 232-1,232-3. For example, thethirdfocus 
electrode224aisupstreamtothefirstelectiode23Wdongalineextendingfiomthemiddle 
of the nose 246 of the second electrode 242-2 extending through the center of the first 
electrode 232-1, as shown by extension line A. The third electrode 224c is located 

upstreamofthefirstelectrode232-3alongalineextendingfiomthecenterofthenose246 
of the second electrode 242-3 through the center of the first electrode 232-3, as shown by 
extension line C. Accordingly andpreferably the focus electrodes fan out relative to the firet 
electrodes as an aid for directing the flow of ions and charged particles. Fig. 6B illustrates 

that the thirdfocuselectrodes224 and the fust electrode 232may be electrically connected 
to the high voltage generator 170 by conductor 234. 

[0102] Fjg-6Cillustratesthatapairofthirdfocuselectrodes224maybelocated 
upstreamofeachfirst electrode 232.Preferably,themultiplethirdfocuselectrodes224 are 

in-lineand symmetricallyaligned with each other. For example, the thirdfocuselectrode 
224a2 is in-line and symmetrically aligned with the third focus electrode 224al , along 
extension line A. As previously mentioned, preferably only third focus electrodes 224al, 
224bl,224cl areelectricallyconnected with the firstelectrodes 232by conductor 234. It 
20 is also within the scope of the present invention to have none or all of the third focus 
electrodes 224 electrically connected to the high voltage generator 170. 
101031 Fig. 6D illustrates third focus electrodes 224 added to the electrode 

assembly220showninFig.4D. Preferably.athird focus electrode 224 is locatedupslream 
of each first electrode 232. For example, the third focus electrode 224b is in-line and 

symmetricallyaligned with the first electrode232-2,asshownbyextensionlineB. Extension 
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line B is located midway between the second electrodes 242-2. 242-3. The third focus 

eIectrode224aisin-lineandsyn™etricallyalig„edwiththefi,steIectnxle 
byextensio„li„eA.Siinilarly,thethirdelectKKie224cisi„-linea„^ 

withthefirstelectrode232.3,asshownbyextensionlineC.ExtensionIinesA-Cextend 

fo)mthenuddleofthenose246ofthe'V'-shapedsecondelectrodes242.2,M^^^ 

the first electrodes 232-1. 232-3, respectively, m a preferred embodiment, the third 

electrodes224a.224b.224cwiththehighvoltagegeneratorl70bytheconductor234. 

TTnsembodimentcanalsoincIudeapairofthirdfocuselectrodes224upstr^ 
electrode 232 as is depicted in Fig. 6C. 



Figs. lA-lC. 



101041 Rg«-7A-7Cillustratethattheelectrodeassembly220showninFig.4Ecan 
includeathirdfocuselectxodeupstreamofthefirstarTayofelectr.,des230comprisinga 
singlewireelectrode232.Preferably.thecenterofthethirdfocuselectrode224^ 
15 -^ds)anmetricallyalignedwiththecenterofthefirstelectrx>de232.asshow^ 

line B. Extension hne B is located midway between the second electrodes 242. The 

distancesXl.X2.Yl.Y2.ZlandZ2aresimilartotheembodimentspreviouslyd^^^^ 
Thefirstelectrode232andthesecondelectrode242maybeelectricallyconne^^^^ 
high-voltagegeneratorl70byconductor2H 249respectively.Itiswithin^ 
20 P--ntinventiontocom.«:tthefirstandseco„delectrodestooppositeendsofthehigh 
voltage generBtorl70(e.g.. the first electnxle 232 may be negatively charged and the 
secondelectrode242maybepositivelycharged). In a p^foed embodiment the thinl focus 
electrode 224 is also electrically comiected to the high voltage generator 170. 
101051 Fig. TBiUustratesthat a pair ofthird focus electrodes 224a, 224b may be 

25 l<^atedupstreamofthef„stelectrode232.11,ethirdfocuselectrodes224a,224ba^^ 
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lineandsymmetricallyaligned with the first electrode232,asshow^ 

Extension lineB is locatedmidwaybetweenthesecondelectrodes 242. Preferab^ 

focus electrode 224b is upstream of third focus electrode 224a a distance equal to the 

diameterofathirdfocuselectrode224.InaprefeiTed embodiment, onlythe third focus 

electrode 224aiselectrically connected to thehighvoltagegeneratorno.ltis within the 

scopeofthe present invention toelectricallyconnect both thirdfocuselectrodes224a,224b 
to the high voltage generator 170. 

[0106J Rg-7Cillustratesthateachthirdfocuselectrode224canbelocatedatan 
anglewithrespectto the first electrode232. Similar to the previous embodiments, the third 
focuselectrode224al and224bl is located a distance X2 upstream fiom the first electrode 
232. Bywayofexampleonly,thethirdfocus electrodes 224al,224a2 are located along 
alineextendingfiomthemiddleofthesecondelectrode242-2throughthecenterofthe first 
electrode 232,asshownbyextension line A. Similarly, the third focus electrodes 224bl, 

224b2are alongalineextendingfi-omthemiddleofthe second eleclrode242-l through the 

middleofthefirstelectrode232,asshownbyextensionlineB.Thethirdfocuselectrode 
224a2 is in-line and symmetrically aligned with the third focus electrode 224al along 

extension line A. Similarly, the third focus electrode 224b2 is in line and symmetrically 
aligned with the third focus electrode 224bl along extension Hne B. The third focus 

electrodes 224 are famied out andforma'Vpattemupstreamoffirstelectrode 232. h 

apreferred embodiment, onlythe thirdfocuselectrodes224aland224blareeIectrically 

connected to thehigh-voltagegeneratorl70byconductor234. It is within thescopeofthe 
invention to electrically connect the third focus electrodes 224a and 224b2 to the high 
voltage generator 170. 



25 Fies. 8A-8R 
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(0107) The previously described embodiments of the electrode assembly 220 

disclosearod- shaped third focuselectrode224upstreamofeachfirstelectrode232.Fig. 
8A illustrates an alternative configuration for the third focus electrode 224. Byway of 
example only, the electrode assembly 220 may include a "U"-shaped or possibly «C"- 
5 shaped third focus electrode 224 upstream of each first electrode 232. Further the third 
focuselectrode224canhaveothercuwed configurations such as,but not limited to,circular- 

shaped,eniptical-shaped,andparabolically-shaped other concaveshapesfacingthe first 
electrode 232. In a preferred embodiment, the third focus electrode 224 has holes 225 

extendingthrough,fomiingapeiforated surface tominimizetheresistanceofthethiixifo^^ 
1 0 electrode 224 on the airflow rate. 

[0108J In apreferred embodiment, the third focus electrode 224 is electrically 

connected to thehighvoltagegeneratorlVObyconductor 234. The thirdfocus electrode 
224 inFig.8Aispreferablynotan ion emittingsurface.Similarto previous embodiments, 
the third focus electrode 224 generates a positive electric field and pushes or rqjels the 
electric field generated by the first electrode 232 towards the second array 240. 
10109] Fig. 8B illustratesthataperforated"U"-shapedor"C"-shapedthirdfocus 

electrode 224 canbeincoiporatedmto the electrodeassembly220showninFig.4A. Even 
thoughonlytwoconfigurationsoftheelecliodeassembly220are shown with theperforated 
"U"-shaped third focus electrode 224. all the embodiments described in Figs. 5 A- 12C may 

incorporate theperforated'aJ'-shapedthirdfocuselectrode224.Itisalsowithinthesw^ 
ofthe invention tohavemultipleperforated'V'-shapedthirdfocuselectrodes224upstr^ 
of each first electrode 232. Further in other embodiment the "LP'-shaped third focus 
electrode 224 can be made of a screen or a mesh. 

lOllOJ Fig-8Cillustratesthirdfocuselectrodes224similartothosedepictedin 

Fig.8B,exceptthatthethirdfocuselectrodes224arerotatedbyl80°topresetaconvex 
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surface facing to the first electrodes 232 in order to focus and direct the field of ions and 
airflow from the first electrode 232 toward the second electrode 242. These third focus 
electrodes 224 shown in Figs. 8A-8C are located along extension lines A, B, C similar to 
previously described embodiments. 

Figs. 9A-9C 

(Oil 1 1 Fig. 9A illustrates apin-ring configuration of the electrode assanbly 220. The 

electrode assembly220containsacone-shaped or triangular-shaped firstelectrode 232, 
a ring-shaped second electrode 242 downstream of the first electrode 232, and a third focus 
electrode 250 upstream of the first electrode 232. The third focus electrodes 250 maybe 
electricallyconnectedtothehigh voltage generatorlTO. Preferably the focus electrode 250 
is spaced from the first electrode 232 a distance that is in accordance with the other 
embodiments described herein. Alternatively, the third focus electrode 250 can have a 
floatingpotential. Asindicatedbyphantomelements232',242',theelectrodeassembly220 
can comprise aplurality of such pin-like and ring-like elements. The plurality of pin-ring 
configurations as depicted in Fig. 9A can be positioned one above the other along the 
elongatedhousingofthe invention. Such apluralityofpin-ring configurations can of course 
operateinanotherembodimentwithoutthethirdfocuselectrode. It is understood that this 
plurality of pin-ring configurations can be upstanding and elongated along the elongated 
direction of said housing and can r^lace the first and second electrodes shown, for example, 
in Fig. 2B and be removable much as the second electrode in Fig 23 is removable. 
Preferably, the first electrode 232 is tungsten, and the second electrode 242 is stainless steel. 
Typical dimensions for the embodiment of Fig. 9A are LI = 10 millimeters, XI =9.5 
millimeters, T=0.5 millimeters and the diameter of the opening 246= 12millimeters. 

25 [0112] Theelectricalpropertiesandcharacteristicsofthethirdfocuselectrode250 
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is similar to the third focuselectrode224describedinprevious embodiments. In contr^^ 
to the rod-shaped physicalcharacteristicoftheprevious embodiments, theshape the third 
focus electrode 250 is a concave disc, with the concave surface preferably facing toward the 
second electrodes 242. The third focus electrode 250 preferably has holes extending 
5 therethrough to minimize the disruption in airflow. It is within the scope of the present 
inventionforthethirdfocuselectrode 250 to comprise other shapes such as,butnot limited 
to,aconvexdiscaparabolicdisc,aspherical disc, orother convex or concaveshapes or 
arectangle, orotherplanar surface and be within thespiritandscopeofthe invention. The 
diameterofthethirdfocuselectrode 250 ispreferablyatleast fifteen times greaterthan the 

10 <iiameterofthefirsteIectrode232.Thefocuselectrode250canalsobemadeofascreen 
or a mesh. 

[01131 The second electrode 242 has an opening -246. The opening 246 is 

preferablycircular in this embodiment. Itis within thescopeofthepi^ent invention that ft^ 
opening246 can compriseother shapes such as,butnot limited to,rectangular,hexagonal 
or octagonal. The second electrode 242 has a collar 247 (see Fig. 9B) surrounding the 

opening246. The collar 247 attracts the dust contained within the airstream passing through 
the opening 246. As seen in the Figs. 9B and 9C the collar 247 includes a downstream 

extendingtubularportion248 which cancollectparticles.Asaresult,theairstreamem^ 
by the electrode assembly 220 has a reduced dust content. 

20 [0114J Othersimilarpin-ringembodimentsareshowninFigs.9B-9C.Forexample. 

the firstelectrode232cancomprisearod-shaped electrode havingatapered end. InFig. 

9B,adetailedcross-sectionalviewofthecentralportionofthesecondelectrode242inFig. 
9A is shown. Preferably, the collar 247 is positioned in relation to the first electrode 232, 

such that theionizationpathsfiom the distal tipofthefirstelectrode232tothecollar247 

25 havesubstantiallyequalpathIengths.Thus,whilethedistaltip(oremittingtip)ofthefiist 
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electrode 232 is advantageously small to concentrate the electric field, the adjacent regions 
of the second electrode 242 preferably provide many equidistant inter-electrode paths. The 
lines drawn in phantom in Figs. 9B and 9C depict theoretical electric force field lines 
emanating fiom the first electrode 232 and terminating on the curved surface of the second 
electrode242. Preferably, thebulkofthe field emanates within about 45 degrees of coaxial 
axis between the first electrode 232 and the second electrode 242. 
(01 1 5J In Fig. 9C, one or more first electrodes 232 are replaced by a conductive 

block 232" of caibon fibers, Iheblock having a distal surface in which projecting fiberc 233- 
1,...233-N takeon the appearanceofa"bedofnails."Theprojecting fibers can each act 

as an emitterelectrodeandprovideapluralityofemitting surfaces. Overaperiodoftime, 
some or all of the electrodes will literally be consumed, where upon the block 232" maybe 
replaced. Materials other than graphite may be used for block 232" providing that the 
material has a surface with projecting conductive fibers such as 233-N. - 



15 Electrode Assembly With a Downstream Trailing FlectrndP- 
Figs. lOA-lOD 

101 16] Figs. 1 OA-1 OC illustrate an electrode assembly 220 having an array of 

trailing electrodes 245 added to an electrode assembly 220 similar to that shown in Fig. 7A. 
ItisunderstoodthatanaltemativeembodimentsimilartoFig.IOAcanincludeatrailing 
electrodeorelectrodeswithoutanyfocuselectrodesandbe within the spiritandscopeof 
the inventions. Refemng now to Figs. lOA-lOB, each trailing electrode 245 is located 

downstreamofthe second arrayof electrodes 240. Preferably,thetrailingelectrodes are 
located downstream from thesecondelectrodes242byatleast three times the radius R2 
(seeFig. lOB). Further, the trailing electrodes 245 are preferably directly downstream of 
each second electrode 242 so as not to interfere with the flow of air. Also, the trailing 
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electrode 245 is aerodynamically smooth, for example, circular, elliptical, or teardrops 
shaped in cross-section so as not to unduly interfere with the smoothness of the airflow 
thereby. In a preferred embodiment, the trailing electrodes 245 sue electrically connected to 
thesame outlet of the high voltage generator 170 as the second array of electrodes 240. As 
5 showninFig. 10A,thesecondelectrodes242andthetrailingelectrodes245haveanegative 
electrical charge. This arrangement can introduce more negative charges into the air stream. 
Alternatively, the trailing electrodes 245 can have a floating potential if they are not 
electrically connected. The trailing electrodes 245 can also be grounded in other 
embodiments. Further alternatively, as shown in Fig. 1 CD, the trailing electrode 245 can be 
10 fomedwiththesecondelectrodeoutofasheetofmetalfonnedintheshapeofthesecond 
eiectrode and then extendingtothepositionofthetrailingelectrodeand formed asahollow 
trailing electrode with a peripheral wall that is about the shape of the outer surface of the 
trailing electrode 245 depicted in Fig. IOC. 

(01 17] When the trailing electrodes 245 are electrically connected to the high 

1 5 voltage generator 170, the positively charged particles within the airflow are also attracted 

to and collect on, the trailing electrodes. In a typical electrode assembly with no trailing 

electrode 245,mostoftheparticlesAvill collect on the surface area ofthe second electrodes 

242.However,someparticles will pass through theunit200 without being coUectedbythe 

second electrodes 242. Thus, the trailingelectrodes245serveasasecond surface area to 

collectthepositivelychargedparticles.Thetrailingelectrx)des245alsocandeflectcharged 
particles toward the second electrodes. 

[0118] The trailing electrodes 245 preferably also emit a small amount of negative 

ionsinto the airflow. These negativeionswillneutralizethepositiveionsemittedbythe first 
electrodes 232. If the positive ions emitted by the first electrodes 232 are not neutralized 

before theairflowreachestheoutlet260.theoutletfins212canbecomeelectricallycharged 
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and particles within the airflow may tend to stick to the fins 2 1 2 . If this occurs, eventually 
the amount ofparticles collected by the fins 212 will block orminimize the airflowexitingthe 
unit 200. 

10119] Fig- IOC illustrates another embodiment of the electrode assembly 200, 

5 havingtrailingelectrodes245addedtoanembodimentsimilartothatshowninFig.7C. Tlie 
trailing electrodes 245 are located downstream of the second array 240 similar to the 

previouslydescribed embodiments above. It is within the scopeofthepresentinvention to 
electrically connect the trailing electrodes 245 to the highvoltagegeneratorlTO.Asshown 
inFig.lOC,allofthethirdfocuselectrodes224areelectiicaUy connected to thehigh voltage 
1 0 generator 1 70. In apreferred embodiment, only the third focus electrodes 224al , 224bl 
are electrically connected to the high voltage generator 170. The third focus electrodes 
224a2, 224b2 have a floating potential. 

Electrode Assemblies With Various Comhinatinns o fFocus Elecfmdo s. Trailing FJerfir>He« 
15 and Enhance d Second Rler.trodes With Protective Rndsr 
Figs. 11A-11D 

[01201 Kg- nAillusliatesanelectrodeassembly220thatincludesa firstarrayof 

electrodes 230 havingtwowire-shapedelectrodes232-l,232-2(generallyreferred to as 
"electrode 232'0 andasecond array of electrodes 240 having three "U"-shaped electrodes 
242-1, 242-2, 242-3 (generally referred to as "electrode 242"). This configuration is in 
contrast to, forexample, the configurations ofFig. 9A, wherein there are three first emitter 
electrodes 232 and four second collector electrodes 242. 

[0121] Upstream fi-om each first electrode 232. at a distance X2, is athird focus 

electrode 224. Each third focus electrode 224a, 224b isat an angle with respect to afirst 
electrode 232. For example, the third focus electrode 224a is preferably along a line 
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extending fiom the middle of the nose 246 of the second electrode 242-2 through the center 
of the first electrode 232-1, as shown by extension line A. The third focus electrode 224a 
is in-line and symmetrically aligned with the first electrode 232-1 along extension line A. 

Sinulariy,the third focus electrode 224b is located alongalineextendingfrommiddleoftiie 
5 nose 246 of the second electrode 242-2 through the center of the first electrode 232-2, as 
shown by extensionlineB. The third focus electrode 224b is in-line and symmetrically 

aligned with the firstelectrode232-2along extension lineB. As previouslydescribed, the 
diameter of each third focus electrode 224 is preferably at least fifteen times greater than the 
diameter of the first electrode 232. 

10 I0122J AsshowninFig.llA,andsimilartotheembodimentshowninFig.5B,each 
second electrodepreferablyhas aprotective end 241. h a preferred embodiment, the third 
focus electrodes 224 are electrically connected to the high vohage generator 170 (not 

shown). Itis within the spiritandscopeoftheinvention to not electrically connectthethird 
focus electrodes 224. 

15 (0123J FigllBillustratesthatmultiplethirdfocuselectrodes224maybelocated 
upstream of each first emitter electrode 232. For example, the third focus electrode 224a2 
is in-line and symmetricallyaligned with the third focus electrode 224al along extension line 
A. Similarly, the third focus electrode 224b2 is in-line and symmetrically ahgned with the 
third focus electrode 242bl along extension lineB. It is within the scope of the present 
invention to electrically connect all, ornone oft the third focus electrodes 224 to the high- 
voltage generator 1 70. In a preferred embodiment, only the third focus electrodes 224al , 
224bl are electrically connected to the high voltage generator 1 70, with the third focus 
electrodes 224a2, 224b2 having a floating potential. 

[01241 Fig- llCiUustratesthattheelectrodeassembly220showninFig. llAmay 

25 alsoincludeatrailingelectrode245downstreamofeachsecondelectrode242. Eachtrailing 
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electrode245isin-line with the secondelectrode so asnot to interfere with aM^ 
second electrode 242. Each trailing electrode 245 is preferably located a distance 
downstream of each second electrode 242 equal to at least three times the width W of the 

second electnxle 242. It is within the scopeoflhepresentinventionforthetrailingelectrode 
to by located at other distances downstream. The diameter of the trailing anode 245 is 

preferablyno greater than the widthWofthesecondelectrode 242 to limitthe interference 
of the airflow coming off the second electrode 242. 

[0125] One aspect of the trailing electrode 245 is to direct the air trailing offthe 

second electrode 242 and provide a more laminar flow of air exiting the outlet 260. Another 
aspect of the trailing electrode 245 is to neutralize the positive ions generated by the first 
array 230 and collect particles within the airflow. As shown in Fig. 1 1 C, each trailing 
electrode 245 is electrically connected to a second electrode 242 by a conductor 248. 
Thus, the trailing electrode 245 is negatively charged, and serves as a collecting surface, 
similarto the second electrode 242,attractsthepositivelycharged particles in theairflow. 

Aspreviouslydescribed,theelectricaIly connected tiailingelectrode245alsoemitsnegativ^ 
ions to neutralize the positive ions emitted by the first electrodes 232. 

(01261 Fig. 1 lDillustratesthatapairofthirdfocuselectrodes224maybelocated 

upstream of each first electrode 232. For example, the third focus electrode 224a2 is 
upstreamofthe third focuselectrode224al so that the third focuselectrodes224al, 224a2 
20 arein-lineandsymmetricallyalignedwitheachotheralongextensionlineA. Similarly,the 
thinl focus electrode 224b2is in line and syramefricaUy aligned with the third focus elec^ 
224bl along extension line B. As previously described, preferably only the third focus 

electrodes 224al,224blareelectricallyconnected to the high voltagegeneratorl70, while 

thethirdfocuselectrodes224a2,224b2haveafloatingpotential.Itiswithinthespiritand 

25 scopeofthepresentinventiontoeleclricdlyconnectall,ornone,ofthethirdfocuselecli^ 
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to the high voltage generator 170. 



Electrode Assemhiies With Sec o nd Col lectorElectrnilPsHavingTnter^tidElecto^ 
Figs. 11E-11F 

5 [0127J Fjg-llEillustratesanotherembodimentoftheelectrodeassembly220with 
an interstitial electrode246.tothis embodiment, the interstitial electrode246 is located 
midwaybetween thesecond electrodes 242. Forexample, the interstitial electrode 246a 
is located midway between the second electrodes 242-1 , 242-2, while the interstitial 
electrode 246b is located midwaybetween second electrodes 242-2, 242-3. Preferably, 
10 theinterstitialelectrode246a,246bareelectricallyconnectedtothefiistelectrodes2 

generate anelectrical field with the same positive or negative charge as the first electrodes 

232. The interstitialelectrode246 and thefirstelectrode 232 then havethesamepolarity. 
Accordingly, particles traveUng toward the interstitial electrode 246 will be repelled by the 

interstitial electrode 246 towards the second electrodes 242. Altematively, the interstitial 
1 5 electrodes can have a floating potential or be grounded. 

10128] It is to be understood that interstitial electrodes 246a, 246b may also be 

closerto one second collector electrode than to theother.AIso,theinterstitialelectrodes 
246a, 246b arepreferablylocatedsubstantiallynearorattheprotectiveend 241 orends 
ofthetrailingsides244,asdepictedinFig. HE. Still fiulhertheinteistitialelectrodecanbe 
20 substantiallylocatedalongalinebetweenthetwotrailingportionsorendsofthesecond 
electrodes. These rear positions are preferred as the interstitial electrodes can cause the 

positively charged particle todeflect towards the trailingsides 244 along the entire lengthof 

thenegativelycharged second collectorelectrode242,inorderforthesecond collector 
electrode 242 to collect more particles fi-om the airflow. 

25 [0129] Still further, the interstitial electrodes 246a, 246b can be located upstream 
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alongthe trailingside244ofthe second collectorelectrodes 244. However, thecloser the 
interstitialelectrodes 246a, 246b get to thenose246ofthesecondelectrode242,generally 
thelesseffectiveinterstitial electrodes 246a. 246b are inuigingpositively charge 
toward the entirelengththesecondelectrodes 242. Preferably,theinterstitialek^^^^^ 

246a, 246b are wire-shaped and smallerorsubstantiallysmaller in diarneter than the width 
"W-'ofthe second collector electrodes 242. For example. theinterstitialelectrx)d^ 
a diameter of, the same as, or on the order, of the diameter of the first electrodes. For 

example, theinterstitialelectrodescanhaveadiameterofone-sixteenthofan inch. Also,the 
diameter of the interstitial electrodes 246a, 246b is substantially less than the distance 

between secondcoUector electrodes, as indicatedbyY2. Further theinterstitial electrode 
canhavealengthordiameter in thedownstream direction that is substantially less than the 
lengthofthesecondelectrodeinthedownstreamdirection. The reason for this size of the 
interstitial electrodes 246a. 246b is so that the interstitial electrodes 246a, 246b have a 
minimal effect on the airflow rate exiting the device 100 or 200. 
15 (01301 F'8 llFi"ustratesthattheelectrodeassembly220inFig. llEcaninclude 

apairofthirdelectrodes224upstreamofeach first electrode232.Aspreviouslydescribed, 
thepairofthirdelectrodes224arepreferablyin-lineandsymmetricaIlyalignedwitheach 
other. Forexample,thethirdelectrode224a2isin-lineandsymmetricallyalignedwiththe 
thirdelectrode224al along extension line A. Extension line A preferably extends from the 
middle of the nose 246 of the second electrode 242-2 through the center of the first 
electrode 232-1 . As previously disclosed, in a preferred embodiment, only the third 
electrodes 224al,224bl are electricallyconnected to the high voltage generator 170. In 
Fig. 1 1 F, aplurality of interstitial electrode 296a and 246b are located between the second 
electrodes 242. Preferably these interstitial electrodes are in-line and have a potential 
25 gradientwithanincreasingvoltagepotentialoneachsuccessiveintei^titialelectrodeinthe 
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downstream direction in order to urge particles toward the second electrodes. In this 

situationthevoltageontheinterstitialelectrodeswouldhavethesamesignasthevoltageof 
the first electrode 232. 

^ Electrode Assembly With an Fn h anced First Fm.tter ElectrnHe Rpinp 
Figs. 12A-12r 

[0131] The previously described embodiments of the electrode assembly 220 

includeafirstairayof electrodes 230 havingatleastonewire-shapedelectrode232.Itis 
within the scope of the present invention for the first array of electrodes 230 to contain 
10 electrodes consisting of other shapes and configurations. 

I0132J Fig- »2AillustratesthatthefirstanayofeIectrodes230mayinclude curved 

wire-shaped electrodes 252. The curved wire-shaped electrode 252 is an ion emitting 
surface and generates an electric field similar to the previously described wire-shaped 
electrodes 232. Also similar to previous embodiments, each second electrode 242 is 
"downstream»andeachthirdfocuselectrode224is'nipstream/'tothecurvedwire-sh^^ 
electrodes252.Theelectricalpropertiesandcharacteristicsofthesecondelectrode242 
andthethirdfocuselectrode224aresimilartothepi^viouslydescribedembodimentsh 
inFig. 5A. Itis to be understood that an altemativeembodimentofFig. 12A can exclude 
the focus electrodes and be within the spirit and scope of the invention. 
20 [0133] AsshowninFig. 12A, positive ions are generated and emitted by the first 

electrode 252.1n general, thequantityofnegativeions generated and emittedbythe first 
electrode isproportional to thesurfaceareaofthefirstelectrode.TheheightZlofthe first 

electrode252is equal to theheightZlofthepreviouslydisclosed wire-shaped electrode 
232. However, the total length of the electrode 252 is greater than the total length of the 

electrode 232. Bywayofexampleonly.andinapreferredembodiment, if theelectrode252 
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was straightened out the curved or slack wire electrode 252 is 1 5-30% longer than a rod or 
wire-shaped electrode 232. The electrode 252 is allowed to be slack to achieve the shorter 
heightZl. Whenawireisheldslack,thewiremayformacurvedshapesimilartothefirst 
electrode 252 shown inFig. 12A. The greater totallengthofthe electrode 252 translates 
5 . to a larger surface area than the wire-shaped electrode 232. Thus, the electrode 252 will 

generate and emit more ions than the electrode 232. Ions emitted by the first electrode array 
attach to thepaiticulatematterwilhintheaiiflow. The charged particulate matter isattracted 
to, and collected by, the oppositely charged second collector electrodes 242. Since the 
electrodes 252 generate and emit more ions than the previously described electrodes 232, 
1 0 more particulate matter will be removed from the airflow. 

10134] Fig. 12Billustratesthatthefirstarrayofelectix)des230mayincludeflatcoil 

wire-shaped electrodes 254. Each flat coil wire-shaped electrode 254 also has a larger 
surface area than the previously disclosed wire-shaped electrode 232. By way of example 
only, if the electrode 254 was straightened out, the electrode 254 will have a total length that 
1 5 is preferably 1 0% longer than the electrode 232. Since flie height of the electrode 254 
remains at Z 1 , the electrode 254 has a "kinked" configuration as shown in Fig. 1 2B. This 
greater lengUi translates to a larger surface area of the electrode 254 than the surface area 
of the electrode 232. Accordingly, the electrode 254 will generate and emit a greater 
number of ions than electrode 232 . It is to be understood that an alternative embodiment of 
20 Fig. 12Bcanexcludethefocuselectrodesandbewilhintheq>iritandscopeoftheinventioa 
[01351 Fig. 12Cillustratesthatthefirstarrayofelectrodes230mayalsoinclude 

coiledwire-shapedelectrodes256. Again, the heightZl ofthe electrodes 256 is similar to 
the heightZl ofthe previously described electrodes 232. However, flie total lengthofthe 
electrodes 256 is greater than the total length ofthe electrodes 232. In a preferred 
25 embodiment, if the coiled electrode 256 was straightened out the electrodes 256 will have 
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a total length two to three times longer than the wire-shaped electrodes 232. Thus, the 
electrodes 256 have a larger surface area than the electrodes 232, and generate and emit 

moreions than the firstelectrodes 232. Thediameterofthewirethatiscoiled to produce 
the electrode 256 is similar to the diameter of the electrode 232. The diameter of the 

5 elec1iode256itselfispreferablyl-3mm,butcanbesmallerinaccordancewiththediameter 
offirst emitterelectrode 232. Thediameteroftheelectrode 256 shall remain small enough 
so that the electrode 256 has ahigh emissivity and is an ion emitting surface. It is to be 

understood that analtemativeembodimentofFig.l2Ccan exclude thefocuselectrodesa^^ 
be within the spirit and scope of the invention. 

10 [0136] The electrodes 252, 254 and 256 shown in Figs. 12A-12C may be 

incorporated into anyoftheelectrodeassembly220configurationspreviously disclosed in 
this application. 

(0137] The foregoing description ofthe preferred embodiments of the present 

inventionhasbeenprovidedforthepurposesofillustrationanddescription.Itisnot intended 
15 tobeexhaustiveortolimittheinventiontotheprecisefomisdisclosed. Manymodifications 
and variations will be apparent to the practitioner skilled in the art. Modifications and 

variationsmaybemadetothedisclosedembodiments without departingfiomihe subject a^ 
spiritoftheinventionasdefinedbythefollowingclaims.Embodimentswerechosenand 
descnT)edinorxlertobest describe theprinciplesofthe invention anditspiBcticalappUw^^ 
20 thereby enabling others skilled in the art to understand the invention, the various 
embodiments and with various modifications that are suited to the particular use 

contemplated. It is intended that the scopeoftheinventionbedefinedbythe following 
claims and their equivalents. 
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1 . An ion generator comprising: 
a first electrode; 

5 a second electrode; 

a voltage generator electrically coupled to the first electrode and the second 

electrodein order, when energized, to createaflowofairinadownstre^ 
the first electrode to the second electrode; 

a focus electrode located upstream of the first electrode in order to focus the flow 
1 0 of air toward the second electrode. 

2. The generator of claim 1 wherein said focus electrode is substantially less emissive 
of ions than the first electrode. 

15 3. Thegeneratorof claim 1 wherem said focus electrode includes a shape selected fomi 
one of a group consisting of rod shaped, wire shaped, planar shaped, concave shaped, and 
convex shaped. 

4. Thegeneratorof claim 1 wherem said focus electrode is electrically connected to the 
20 first electrode. 

5. The generator of claim 1 wherein said focus electrode is in-line and symmetrically 
aligned with the fu^t electrode and the second electrode. 

25 6. Thegeneratorofclaimlincludingtwosecondelectrodesandwhereinthe focus 
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elecliodeisin-Iinewilhthe&stelertrDdeandsyimnetric^^^ 
second electrodes. 



7. The generator of claim 1 wherein the first electrode has a first diameter and the focus 
5 electrode has a second diameter and wherein said second diameter of the focus electrode 

is at least fifteen times larger than the first diameter of the first electrode. 

8. The generator of claim 1 wherein said focus electrode is a curved surface. 

10 9. Thegeneratorofclaimlwhereinsaidfocuselectrodeisacurvedsurfacehavinga 
plurality of perforations. 

10. Thegeneratorofclaim 1 includingaplurality of first electrodes, apluralityof second 
electrodes, andapluralityoffocus electrodes, wherein said focuselecttodes are fanned-out 

15 

1 1. Thegeneratorofclaim 1 including apluralityoffocus electrodes that are fanned-out. 

12. The generator of claim 1 including a plurality of focus electrodes. 

20 13. Thegeneratorofclaim lincludingapluralilyoffirstelectrodesandapluraUtyofpaire 

offocuselectrodes,eachpairoffocuselectrDdes associated with at least oneoftheplurality 
of first electrodes. 



14. Thegeneratorofclaim 1 includingapairoffocuselectrodesassociatedwiththefirst 
25 electrode. 
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15. The generator of claim 1 including a pair of focus electrodes in-line and 
symmetrically aligned with the first electrode and die second electrode. 

1 6. The generator of claim 1 including two second electrodes and a pair of focus 

5 electrodes,andwhereinthepairoffocuselectrodearein-linewiththefirstelectrodeand 
symmetrically aligned with the first and the two second electrodes. 

17. Thegeneratorofclaim 1 wherein said focus electrode has a diameter and is upstream 
from the first electrode a distance of about four or five diameters of the focus electrode. 



10 



18. Thegeneratorofclaim 1 wherein said focus electrode is concave in a direction 
facing the first electrode. 



19. Thegeneratorofclaim 1 wherein said focus electrode is convex in a direction facing 
15 the first electrode. 



20. Thegeneratorofclaim 1 wherein said first electrode is an ion emitter and the second 
electrode is a collector of particulate matter. 

20 21. Thegeneratorofclaim 1 wherein said first electrode is positivelycharged and the 
second electrode is negatively charged. 

22. Thegeneratorofclaim 1 wherein said focus electrode is a concave disk facing in the 
direction of the first electrode. 

25 
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23. Thegeneratorofclaim 1 wherein said focus electrode is a perforated concave disk 
facing in the direction of the first electrode. 



10 



24. The generator of claim 22 wherein said first electrode is pin-shaped. 

25. The generator of claim 23 wherein said first electrode is pin-sh^ed. 

26. ThegeneratorofclaimlincludingapluraUtyoffocuselectrodesforminga«V» 
shape. 

27. Thegeneratorofclaim 1 wherein said first electrode has a substantially smaller 
diameter thanadiameterofsaidfocuselectrodeso that saidfirstek^^^ 

more emissive of ions than said focus electrode. 



15 28. An ion generator comprising: 
a first electrode; 
a second electrode; 

a voltage generator electrically coupled to the first electrode and the second 

electrode inorder, when energized, tocreateaflowofairinadownstreamdk^^^^^ 
20 the first electrode to the second electrode; 

means located upstream ofthe first electrode for focusing the flow of air toward 



the second electrode. 



29. .Thegeneratorofclaim28 wherein said focusing means is substantially less emissive 
25 of ions than the first electrode. 
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30. The generator of claim 28 wherein said focusingmeans includes a shape selected 

fomioneofagroupconsistingofrod shaped, wireshaped,planar shaped, concaveshaped, 
and convex shaped. 

5 31. Thegeneratorofclaim28whereinsaidfocusingmeansiselectricaUyconnectedto 
the first electrode. 

32. 'niegenaatorofclaim28whereinsaidfocusingmeansisin-line andsynunetricaUy 
aligned with the first electrode and the second electrode. 

10 

33. The generator of claim 28 including two second electrodes and wherein the focusing 

means is in-line withthefirstelectrodeandsynunetricallyaligned with thefirst and the two 
second electrodes. 

15 34. Thegeneratorofclaim28 wherein the first electrode has a first diameter and the 
focusing means has a second diameter and wherein said second diameter of the focusing 
. means is at least fifteen times larger than the first diameter of the first electrode. 



20 



35. The generator of claim 28 wherein said focusing means has a curved surface. 

36. Thegeneratorof claim 28 whereinsaid focusing means has a curved surfacehaving 
a plurality of perforations. 



37. Thegeneratorofclaim28includingapluralityoffirctelectK)des,apluialityofsecond 
25 electrodes, and wherein said focusingmeans is fanned out relative to said plurality of first 
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38. The generator of claim 28 wherein said focusing means is fanned out. 

5 39. The generator of claim 28 wherein said focusing means has a diameter and is 

upstream fromthefirstelectrodeadistanceofaboutfourorfivediametersofthe focusing 
means. 

40. The generator of claim 28 wherein said focusing means is concave in a direction 
1 0 facing the first electrode. 

41. The generator ofclaim 28 wherein said focusing means is convex in a direction 
facing the first electrode. 

15 42. The generator of claim 28 wherein said first electrode is an ion emitter and the 
second electrode is a collector of particulate matter. 

43. The generator of claim 28 wherein said first electrode is positively chaiged and the 
second electrode is negatively charged. 

20 

44. Thegeneratorofclaim28whereinsaidfocusingmeansisaconcavediskfacingin 
the direction of the first electrode. 

45. Thegeneratorofclaim28whereinsaidfocusingmeans is a perforated concave disk 
25 facing in the direction of the first electrode. 
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generator of claim 28 wherein said focusing means is "V" shaped. 



47. 'niegeneratorofclaim28whereinsaidfirstelectrodehasasubstantiallysmaller 

diameterthanadiameterofsaidfocusingmeanssothatsddfirstelectrodeissubsM 
5 more emissive of ions than said focusing means. 

48. A device that transports and conditions air including 
a housing with an air inlet and an air outlet 

a first electrode; 
a second electrode; 

said first electrode located closer to said air inlet than said second electrode; 
said second electrode located closer to said air outlet than said first electrode; 
a potential generator electrically coupled to the first electrode and the second 

electrodeinorder.whenenergized.tocreateaflowofairinadownstreamdirectionfrom 
15 the first electrode to the second electrode; and 

afocuselectrodelocatedupstreamofthefirstelectrodeinorder to focus theflow 
of air toward the second electrode. 

49. A device that transports and conditions air including 
20 a housing with an air inlet and an air outlet 

a first electrode; 
a second electrode; 

said first electrode located closer to said air inlet than said second electrode; 
said second electrode located closer to said air outlet than said first electrode; 
25 a potential generator electrically coupled to the first electrode and the second 
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electrode in order, when energized, to create a flow of air in a downstream direction from 
the first electrode to the second electrode; and 

ameans located upstream ofthe first electrode for focusing the flow of air toward 
the second electrode. 

50. A method for transporting and conditioning air comprising the steps of: 

generating an electrical potential between a first electrode and a second electrode 
in order to create a flow of air in a downstream direction from the first electrode to the 
second electrode and to ionize particulate matter in the air flow; and 

focusingtheflowofair toward said second electrode fiomapositionupstreamof 
said first elecfrode. 



15 



51. Thegeneratorofclaimlwhereinwhensaidvoltagegeneratorisenergized,ionsare 
generated at said first electrode and directed toward said second electrode. 

52. Thegeneratorofclaim28whereinwhensaidvoltagegeneratorisenergized,ionsare 
generated at said first electrode and directed toward said second electrode. 



53. Thedevice ofclaim 48 wherein when said potential generator is energized, 
20 generated at said first electrode and directed toward said second electrode. 



ions are 



54. -niedevice ofclaim 49 wherein when said potential generator is energized, ions are 
generated at said first electrode and directed toward said second electrode. 

25 55. 'n»emethodofclaim50includinggeneratingionswithlhegenerationoftfaeelectrical 
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56. The method of claim 50 including generating ozone with the generation of the 
electrical potential. 

5 

57. The generator of claim 1 wherein said focus electrode and said first electrode 
operate at about the same potentials. 

58. The generator of claim 1 wherein said focus electrode and said first electrode 
1 0 operate at positive potentials. 

59. An electro-kinetic air transporter-conditioner, comprising: 
a housing having an inlet and an outlet; 

a first electrode; 

1 5 a removable second electrode downstream from the first electrode; 

a third electrode upstream of said first electrode; 

avoltagegeneratorcoupled with the firstelectrodeand the secondelectrode, said 
voltage generator, when energized, causing air to flow downstream fix>m said first electrode 
to said second electrode. 

20 

60. The air transporter-conditioner of claim 59 wherein: 
said third electrode is a focus electrode. 

61. TTieiongeneratorof claim 1 whereinsaidsecondelectrodeisremovablebyauser 
25 for cleaning. 
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62. 'nieiongeneratorofclaim28whereinsaidsecondelectrodeisremovablebyauser 
for cleaning. 

63. ■ The device of claim 48 wherein said second electrode is removable by a user for 
5 cleaning. 

64. Thedeviceofclaim49whereinsaidsecondelectrodeisremovablebyauserfor 
cleaning. 

10 65. Thegeneratorofclaimlwhereinsaidgaieratorisincoiporatedinahousingandwilh 
said housing comprises an electro-kinetic air transporter-conditioner. 

66. Thegeneratorofclaim28whereinsaidgeneratorisincoiporatedinahousingand 
with said housing comprises an electro-kinetic air transporter-conditioner. 

15 

67. The generator of claim 1 wherein said generator is incorporated in a housingand 

withsaidhousingcomprisesanelectro-kineticairtransporter-conditionerandsaidhousing 
has a top and said second electrode is removable from said top for cleaning. 

20 68. The generator of claim 1 wherein: 

said generatoris incorporated in anelongatedfieestanding housing withatop and 
with said housing comprises an electro-kinetic air transporter-conditioner; and 

wherein said second electrode is elongated and is removable from said top of said • 
housing. 

25 
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69. The generator of claim 1 wherein: 

said generator is incorporated in an elongated freestanding housing with a top and 
with said housing comprises an electro-kinetic air transporter-conditioner; and 

wherein said second electrode is elongated and is at least partially removable from 
5 said top of said housing. 



10 



IS 



70. The generator of claim 1 wherein: 

said generatoris incorporated in anelongated freestanding housingwithatop and 
with said housing comprises an electro-kinetic air transporter-conditioner; and 

wherein said second electrode is elongated and is telescopingly removable through 
said top of said housing. 

71 . The generator of claim 28 wherein said generator is incoiporated in a housing and 

with saidhousingcoraprises an electro-kineticair transporter-conditioner and saidhousing 
has a top and said second electrode is removable from said top for cleaning. 

72. The generator of claim 28 wherein: 
said generator is incorporated in an elongated freestanding housing with a top and 

with said housing comprises an electro-kinetic air transporter-conditioner; and 

wherein said second electrode is elongated and is removable from said top of said 
housing. 

73. The generator of claim 28 wherein: 

said generator is incoiporated in an elongated freestanding housing with a top and 
25 with said housing comprises an electro-kinetic air transporter-conditioner; and 
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whereinsaid second electrode is elongated and is at least partially removable from 
said top of said housing. 



74. The generator of claim 28 wherein: 
5 said generator is incorporated in an elongated freestanding housing with a top and 

with said housing compriseis an elecfro-kinetic air transporter-conditioner; and 

wherein saidsecondelectiodeiselongated and is telescopinglyiemovable through 
said top of said housing. 

10 75. An electro-kinetic air transporter-conditioner having an ion generator, the ion 
generator comprising: 

a first electrode; 

a second electrode downstream of the first electrode; 
a focus electrode upstream of the first electrode; and 
^ ^ 3 vo'tage generator electrically coupled with the first and second electrode. 

76. The generator as recited in claim 75, wherein the first elecfrode has at least one 
electrode that has at least one characteristic from agroup consisting of (i) a rod-shaped wire, 
(ii) a spiral coil wire, (iii) a curved wire, (iv) a flat spiral wire, (v) slack wire and (vi) a 

20 tapered pin-shaped elecfrode. 

77. Thegeneratorasrecited in claim 75, wherein the second elecfrode has at least two 
elecfrodes having at least one characteristic from agroup consisting of (i) a U-shaped cross- 
section, (ii) an L-shaped cross-section, and (iii) a ring-shaped. 

25 
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78. The generator as recited in claim 75, wherein the focus electrode is in-line and 
symmetrically aligned with the first electrode. 

79. Thegeneratorasrecitedinclaim77,whereinthesecondelectrodehasaU-shaped 
5 cross-section and a protective end formed with said second electrode. 



10 



80. Thegeneratorasrecitedinclaim75,whereinthefocuselectrodehasatIeast 

characteristicfromagroupconsistingof(i)arod-shapedwire,(ii)aconvex surface, and 
(iii) concave surface. 



one 
a 



81. 'niegeneiBtorasrecitedinclaim75,whereinthefocuselectrodeissubstantiaIlynon- 
emissive in comparison to the first electrode. 



82. Thegeneratorasrecitedinclaim75,whereinthediameterofthefocuselectrodei 
1 5 fifteen times greater than the diameter of the first electrode. 



is 



83. The generator as recited in claim 75, wherein the focus electrode and the first 
electrode are electrically connected. 

20 84. 'niegeneratorasrecitedinclaim75,whereintheiongeneratorfurtherhasatrailing 
electrode located downstream of the second electrode. 



25 



85. Theiongeneratorasrecitedinclaim84,whereinthevoltagegeneratorisfurther 
electrically connected to the trailing electrode. 
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86. An electro-kinetic air transporter-conditioner having an ion generator, the ion 
generator comprising: 

a first electrode; 

asecondanayofeleclrodesdownstreamofsaidfiistelectrodcsaidsecond 
array having at least two electrodes, said electrodes having a protective end formed 
therewith; 

a focus electrode upstream to said first electrode; and 
avoltagegeneratorelectricallycoupledwithsaidfirstelectrodeandsaid 

second array. 

87. An electro-kinetic air transporter-conditioner having an ion generator, the ion 
generator comprising: 

afirstarrayofelectrodes,saidfirstarrayhavingatleasttwoelectrodes; 
a second array of electrodes located downstream of said first array, said 

second airayhavingatleastthreeelectrodes,saidsecondelecin>deshavi^^ 
formed therewith; 

afocus electrode locatedupstreamofeach said electrodeinsaidfiret array; 

and 



a voltage generator electrically coupled with the first and second 



array. 



88. An electro-kinetic air transporter-conditioner, comprising: 
a housing having an inlet and outlet; and 

an ion generatordisposed within thehousing,saidiongeneratorfor creating 
an airflow between said inlet and said outlet, including: 

a first array of electrodes; 
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a second array of electrodes located downstream of said first array 

of electrodes; 

an array of focus electrodes located upstream to said first array of 

electrodes; and 

avoltage generator electrically coupled with saidfirst and second 

array of electrodes. 



89. Anelectro-kineticairtransporter-conditionerforremovingparticlesfromtheair, 
comprising: 

^ ^ a housing having an inlet and an outlet; and 

an iongeneratordisposed within saidhousing,saidion generator for creating 
an airflow between said inlet and said outlet, including: 

a first electrode; 

a second electrode downstream of said first electrode; 

a voltage generator electrically coupled with said first and second 
electrode; and 

means forurging the particles towards the second electnxie, which 
means is located upstream of the first electrode. 

20 . 90. An electro-kinetic air transporter-conditioner having an ion generator, the ion 
generator comprising: 

a first array of electrodes; 

a second array of electrodes located downstream of said first array of 
electrodes, said second array of electrodes including at least two electrodes, each said 

25 electrodehavinganose,afii5ttraiHngsideandasecondtrailingside,saidfirstandsecond 
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trailing sides having a protective end formed therewith; 

an array of leading electrodes located upstream of said first array of 

electrodes; and 

a voltage generator coupled with said first and second array of electrodes. 

91. An electro-kinetic air transporter-conditioner having an ion generator, the ion 
generator comprising; 

a first array of electrodes; 

a second array of electrodes located downstream of said first array of 



10 electrodes; 
electrodes; 



and 



electrodes. 



an array of focus electrodes located upstream to said first array of 
a voltage generator coupled with said first and second array of electrodes; 
an array of trailing electrodes located downstream of said second array of 



92. The generator as recited in claim 91 , wherein said array of focus electrodes and said 
first array of electrodes are electrically connected. 

20 

93 . The generator as recited in claim 91 , wherein said array of trailing electrodes and 
said second array of electrodes are electrically connected. 

94. An electro-kinetic air transporter-conditioner having an ion generator, the ion 
25 generator comprising: 
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a first array of electrodes; 

a second array of electrodes located downstream of said first array of 

electrodes; 

a first array of leading electrodes located upstream to said first array of 

5 electrodes; 

a second array of leading electrodes located upstream of said first array of 
leading electrodes; 

avoltage generator coupled with said first airayof electrodes, saidsecond 
array of electrodes, and said first array of leading electrodes. 

10 

95. An electro-kinetic air transporter-conditioner having an ion generator, the ion 
generator comprising: 

a first array of electrodes; 

a second array of electrodes located downstream of the first array of 

15 electrodes; 

an array of leading electrodes located upstream of said first array of 

electrodes; 

a voltage generatorcoupled with said first array of electrodes, said second 
array of electrodes, and said array of leading electrodes; and 

20 aninterstitialelectrodelocatedmidwaybetweeneachelectrodewithinsaid 
second array of electrodes. 

96. The generator as recited in claim 95, wherein the first electrodes and the leading 
electrodes are electrically cormected. 

25 
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97. The generator as recited in claim 95, wherein the interstitial electrode and the second 
electrodes are electrically connected. 



98. An electro-kinetic air conditioner-transporter, comprising: 
5 a housing with an inlet and an outlet; and 

an ion generator disposed within said housing, said ion generator for creating 
an airflow between said inlet and said outlet, including: 
a first array of electrodes; 

a second array of electrodes located downstream of said first array 

10 of electrodes; 

an array of leading electrodes located upstream of said first array of 
electrodes, said array of leading electrodes each having a "U"-shaped cross-section and a 
perforated surface; and 

a voltage generator electrically coupled with said first array of 
1 5 electrodes, said second array of electrodes, and said array of leading electrodes. 

99. The electro-kinetic air conditioner-transporter as recited in claim 98, wherein said 
firstarrayofelectrodeshasatleastoneelectrodethatsharesatleastonecharacteristic fi^om 
a group consisting of (i) a rod-shaped wire, (ii) a spiral coil wire, (iii) a curved wire, (iv) a 

20 flat spiral wire, (v) slack wire, and (vi) a tapered pin-shaped electrode. 

100. The electro-kinetic air conditioner-transporter as recited in claim 98, wherein said 
second arrayofelectrodes has at least twoelectrodes sharing at leastone characteristic fiom 
agroup consisting of(i) aU-shaped cross-section, (ii) an L-shaped cross-section, and (iii) 

25 a ring-shaped. 
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101. Anelectro-kineticairconditioner-transporterforremovingparticleswithm 
comprising: 

a housing with an inlet and an outlet; and 

an ion generator disposed within said housing, said ion generator can create 
an airflow between said inlet and said outlet, including: 

at least a first electrode, said first electrode generating an electric 
field for charging the particles within the airflow; 

a second array of electrodes having at least two second electrodes, 
said second electrodes located downstream of said first electrode, each said second 

electrode havingan electrical charge oppositeofsaidfirstelectrode,andsaidsecond array 
of second electrodes attracting the particles within the airflow; 

a leading electrode, said leading electrode located upstream of said 

firstelectrode, saidleadingelectrode having the sameelectricalchai^eas said fimelecto^^ 
for shaping the electrical field generated by said first electrode; and 

avoltagegeneratorelectrically coupled with saidfirst electrode, said 
second array of electrodes, and said leading electrode. 



102. Anelectro-kineticairconditioner-transporterforremovingparticleswithintheair, 
comprising: 

a housing with an inlet and an outlet; and 

aniongenerator disposed within saidhousing, said ion generator for creating 
an airflow between said inlet and said outlet, including: 

a first array of electrodes, said first anay of electrodes generatingan 
electric field for electrically charging the particles within the airflow; 

^ second array of electrodes, said second array of electrodes located 
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downstream of said first array of electrodes, said second array of electrodes generating an 
electrical field opposite to said first array of electrodes so that the electrically charged 
particles can be attracted to said second array of electrodes; 

an array of leading electrodes, said array of leading electrodes 

located upstrearnofsaidfirstarrayofelectrodes,saidarTayofleadingelectrodeshaving&^ 
same electrical charge as said first array of electrodes for shaping the electrical field 
generated by said first array of electrodes; and 

a voltage generator electrically coupled with said first array of 
electrodes, said second array of electrodes, and said array of leading electrodes. 



103. Anelectro-kineticairconditioner-transporterforremovingparticleswithintheair, 
comprising: 

a housing with an inlet and an outlet; and 

aniongeneratordisposedwithinsaidhousing,saidiongeneratorforcreating 
an airflow between said inlet and said outlet, including: 

afirstarrayofdectrodes.saidfirstaiTayofelectrodesgenerating an electric 
field for electrically charging the particles within the airflow; 

a second array of electrodes, said second array of electrodes located 
downstream of said first array of electrodes, said second array of electrodes generating an 
electrical field opposite to said first array of electrodes so that the electrically charged 
particles can be attracted to said second array of electrodes; 

an array of leading electrodes, said array of leading electrodes located 

upstreamofsaidfirstarrayofelectrodes,saidarmyofleadingelectrodeshavingthesame 

electrical chargeassaidfirstarrayofelectrodesforshapingtheelectricalfieldgeneratedby 
25 said first array of electrodes; 
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an array of trailing electrodes, said array of trailing electrodes having the 
same electrical charge as said second array of electrodes; and 

avoltagegeneratorelectricallycoupled with said first arrayofelectrodes, 

saidsecondanayofelectrodes, and saidarrayofleading electrodes and saidairayoftrailing 
5 electrodes. 



1 04. The electro-kinetic air conditioner-transporter as recited in claim 29, wherein said 
arrayofleadingelectrodes has at leastoneelectrodesharingat least onecharacteristicfrom 

agroupconsistingof(i)aU-shaped cross-section, (ii)acircular cross-section, and (iii)a 
10 perforated surface. 

105. Theelectro-kineticairconditioner-transporterasrecitedinclaim 103,wheremat 

leastoneofthe trailing electrodesofsaidarrayoftrailingelectrodesarelocated midway 
between two said second electrodes of said second array of electrodes. 

15 

106. Anelectro-kineticairtransporter-conditionerforremovingparticles fromtheair, 
comprising: 

a housing having an inlet and an outlet; 

an ion generatordisposed within saidhousing, said iongeneratorforct^g 
20 an airflow between said inlet and said outlet, including: 

a first array of electrodes; 

a second array of electrodes located downstream of the first array 

of electrodes; 

an arrayofleadingelectrodes locatedupstreamof said first array of 

25 electrodes; 
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an array of trailing electrodes; and 

a voltage generator coupled with said first array of electrodes, said 
second airay of electrodes, and said airay of leading electrodes. 

107. Anelectro-kineticairtransporter-conditionerasrecitedinclaiml06,whereinsaid 
array of trailing electrodes are located downstream of said second airay of electrodes. 

108. An electro-kinetic airtransporter-conditioner as recited in claim 106, wherein said 
high voltage generator is further electrically coupled with said anay of trailing electrodes. 

109. Anelectro-kineticairtransporter-conditionerasrecitedinclaim 108, wherein each 
said trailing electrode within said anay of trailing electrodes is located midway between two 
said second electrodes of said second array of second electrodes. 



15 110. Anelectro-kineticairtransporter-conditionerasrecitedinclaiml06,whereinthe 

diameterofeachelectrode within saidanayofleadingelectrodes is fifteentimesgreater than 
the diameter of each electrode within said first array of electrodes. 

111. Anelectro-kineticairtransporter-conditionerasrecitedinclaiml09,whereineach 
20 electixxlewithinsaidairayoftrailingelectrodesrepelstheparticleswithintheairfl^ 

each second electrode within said second array of electrodes. 

112. Theairtransporter-conditionerofclaim59whereinsaidhousinghasatop and the 
second electrode is removable fi-om said top for cleaning. 

25 
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Abstract 



10138] An electro-kinetic air conditioner forremovingparticulates from the air 

creates an airflow usingnomovingparts-Theconditionerincludes anion generatorthat has 
an electrodeassemblyincludinga first array of emitter electrodes, asecond array of coUector 

electrodes, andahigh voltage generator. Preferably,athirdorleadingorfocuselectrode 
is located upstream of the first array of emitter electrodes, and/or a trailing electrode is 

located downstreamofthesecondanayofcoUector electrodes. Thedevice can also include 
an interstitial electrode located between collector electrodes, an enhanced coUector electrode 
Avith an integrally foraied trailing end, and an enhanced emitter electrode with an enhanced 
length in order to increase emissivity. 
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